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Notes:
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6. GSOLAR X-RAYS
"Solar X-ray Emission October 26, 1968-November 4, 1968"

by

D. M. Horan, R, G. Taylor, and R. W. Kreplin
E. 0. Hulburt Genter for Space Research
Naval Research Laboratory
Washington, D. C. 20390

During the period October 26 through November &, 1968, the Naval Research Laboratory's SOLRAD 9
Satellite (Explorer 37, 1968~17A) provided solar x-ray data which are sufficiently continuous to say
that no major solar x-ray event escaped detection unless it occurred between 1900 and 2242 UT on
November 3. The data for this 222 minute period were lost during transmission from the satellite.

No other gaps in the data last more than 35 minutes and it is unlikely that a significant solar event
could completely run its course in so short a time. The satellite's memory is able to store up to
14,25 hours of data for the 0.5 to 3A, 1 to 8A, and 8 to 20A bands with a time resolution of one min-
ute,

Figures 1 through 10 are plots of the solar x-ray flux vs, time during the period of interest,
In each of the plots the top curve represents the solar x-ray emission in the 8 to 20A band, and the
next lower curve represents sclar x-ray emissiom in the 1 to BA band. In both cases a gray body so-
lar emission spectyrum [Kreplin, 1961] with a 2 x 10%° K color temperature was assumed in converting
from detector current output to energy flux units., The third curve from the top represents emission
in the 0.5 to 3A band assuming a gray body spectrum with a 10 x 10® X color temperature for the emit-
ting region on the sun. 8ince the 0.5 to 3A band solar emission iz generally below the threshold
level of the detector, the curve representing these data will be quite intermittent,

The x-ray emission is plotted in units of ergs/ecm /sec on a logarithmic scale, The abscissa is
linear with the integers denoting hours in Universal Time (UT). Charged-particle interference with
x-ray detectors, which can cause the plotted flux levels to be higher or lower than the actual xlux,
is indicated by the lowest data curve. The ionization chamber current caused by the charged-particle
background is digitized and recorded as a "count', The number of 'counts" is linearly related to the
current generated in the 0.5 to 3A ionization chamber by penetrating charged particles when the de-
tector is facing away from the sun. Counts of 10 to 15 indicate no particle interference with the
detectors. Counts of 20 to the maximum value of 127 indicate increasing amounts of particle inter-
ference. However, the data processing computer program does not plot data obviously contaminated by
particle interference, and this feature causes randomly spaced data gaps of 30 minutes durationm or
less,

The SOLRAD 9 detectors measure the x-ray emission from the entire visible disk with no spatial
resolution whatsoevex. The solar x-ray emission from even a small flare can easily be ten times
more intense than the background x-ray emission from the nonflaring sun. Large solar flares can
emit hundreds or even thousands of times more x-ray energy per second than the normal solar back-
ground emission. Therefore, when a solar flare occurs, the solar x-ray emission from the entire
disk is effectively the flare emission. When the lifetimes of several solar flares overlap, only
the emission from the predominant x-ray event will be recognizable in the SOLRAD 9 data plots and
it is always possible that smaller events are occurring simultaneously.

Figure 1 shows that the solar x-ray emission on October 26, 1968 was dominated by two small
events: a Class 1N [ESSA 1969al flare whose x-ray emlission reached a peak at 0130 UT and a normal
subflare whose peak x-ray emission occurred at 1652 UT. Both events occurred in McMath Plage Re~
glon 9740. The solar background emission rose from moderately high values around 0900 to high val-
ues by 1200 and the high values persisted for the remainder of the day. WMany very small x-ray
events are visible on the plot.

The record of x-ray emission for October 27, Figure 2, shows three instances where two or more
distinct x-ray events occurred with very slight time separation between them. In the first instance
the x-ray emission vose sharply to double peaks at 0011 and 0020 UT. The decay from the second peak
was quite rapid and at 0055 UT it merged with the slow rise of a subsequent event which peaked at
0130 UT. The 0011l and 0130 UT peaks are reported as Class 1B flares from Regiom 9740 but the sec-
ond peak at 0020 UT was apparently not noted optically. The 0130 UT event had decayed to moderate-
1y high background values by 0900 UT with evidence of several very small x-ray events between 0700
UT and 0830 UT. At 1111 UT an x-ray peak corresponding to a reported normal subflare marked the
first of another series of x-ray events. A smaller peak at 1134 UT, which does not correspond to
any reported optical event, was followed by a peak at 1148 UT which corresponds to a Class 1IN flare
observed in Region 9740. A smaller peak at 1207, which corresponds to a faint subflare reported
by the Crimean Observatory, terminated this series of events. Two very large x-ray events corres-
ponding to two optical events which had several maximum phases then occurred in Region 9740. The
first x-ray peak occurred at 1238 and corresponds to the Class 1B principal maximum of the first
optical event at approximately 1237. The x-ray emissions from secondary maxima at 1253 and 1307 UT
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Fig. 1. Solar x-ray flux for October 26, 1968.
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are not discernible on the plot but are probably hidden by the decaying emission from the 1238 event
and the emission slowly rising toward a peak at 1334. The very large x-ray event at 1334 corre-
sponds fo an optical event which had four maximum phases; a Class 2N principal maximum at 1324, and
secondary maxima at 1350, 1413, and 1450 rated as 2B, IN, and a faint subflare,respectively. Be-
tween 1600 and 2200 the decaying emission from this event was interrupted by several very small x-
ray events. A final small event peaked at 2216, and quickly decayed to the high background levels
which persisted for the remainder of the day.

Figure 3 shows that no x-ray events comparable to the 1238 and 1334 events of the previous day
occurred on October 28. The x-ray emission for that day can be described as a series of small x-ray
events superimposed on high background levels. Attemuation of solar x-ray emission by passage
through the earth's atmosphere causes the periodic dip in flux levels appearing first in the 8 to
20A data curve at 1508 and in the 1 to 8A data curve at 2323,

The x-ray record for October 29, Figure 4, displays so many x-ray events that at no time is the
background level recognizable. A series of small events, quite closely spaced in time, preceded the
predominant x-ray event of the day. This event, whose x-ray peak occurred between 1227 and 1240
when the satellite was in the earth's shadow, corresponds to a multiple maxima optical event whose
principal maximum occurred at 1234 and was classified as a 2B flare. The long decay of the X-ray
emission from this event was interrupted several times by smaller events. The regularly spaced gaps
in all three bands starting at 0100 are caused by the passage of SCLRAD 9 through the earth's shadow.

Figure 5 shows high background x-ray levels throughout October 30 interrupted by many small
events and one medium-sized, double-peaked event., The first of the twin peaks occurred at 1255 UT
and corresponds to the Class 2B principal maximum phase at 1253 of a triple maxima optical event in
Region 9740. The second x-ray peak occurred at approximately 1352 and corresponds to the Class 2N
secondary maximum a2t 1348. The Class 1B secondary meximum at approximately 1413 is not obvious on
the x-ray plot. By 1800, the x-ray emission had decayed to high background levels which continued,
with occasional small x-ray flare activity, umtil 2344 UT when an extremely rapid rise marked the
beginning of a very large x-ray flare.

October 31, Figure 6, commenced with the largest x~ray flare since July 1968 already in prog-
ress., The peak x-ray emission occurred between 0006 and 0019 UT but the peak data are missing be-
cause of particle interference during the satellite's passage through the South Atlantic Anomaly.
The maximum phase of this 3B flare in Region 9740 was observed at 0013. The decaying x-ray emission
from this event dominated the three monitored bands until 0630 when the emission from a small but
relatively long-lived x-ray event became discernible. Subflare activity was observed to have maxi-
mum phases at 0652 and 0714, The enhancement over the decaying x-ray emission from the 3B flare was
unusually large and long-lived for subflare activity. By 1500 the z-ray emission had decayed to
high background levels which continued until 2228 when a sharp increase marked the beginning of a
large x-ray event which corresponds to an optical event in Region 9740 which had three distinct
Class 2 maximum phases. The peak x-ray emission from this event came at 2301 and the optical maxi-
mum phases oceurred at 2245, 2303, and 0041 on November 1. A change in slope is visible at 2245 én
the x-ray plot and this may correspond te the principal maximum phase at 2245.

Figure 7 shows that the x-ray emission decayed without interruption until 0500 on November 1,
Two small x-ray events preceded a fairly large event which peaked at 0907 UT. Three optical maxi-
mum phases were observed [ESSA, 1969b] during the x-ray event; two of which, at 0844 and 0905, were
rated as Clags 1 and the third, at approximately 0928, was rated as Class 2F. Between 1200 and
2000 UT the x~ray emlssion was primarily background emission with sporadic, minor flare activity,
At 2000 the x~ray levels commenced a very steep rise to a peak at 2007. The peak values obtained
were large but the x-ray levels dropped almost as sharply as they had risen. By 2038 the x-vay
emission from this event, which corresponds to a Class 1B flare in Reglon 9740, was indistinguish-
able from the background and minor flare emission which continued until 0926 om November 2, Figure
8. The peak emission from a reported subflare occurred at 0933. This event was immediately fol-
lowed by a predominant x-ray event of the day, whose peak emission occurred at 1000. This large
event coxresponds to an optical event in Region 9740 which was observed to have two Class 2B and one
Class 1IN maximum phases. A small x-ray event, which corresponds to a Class IN flare reported by the
MeMath-Hulbert Observatory, peaked at 1534. This event terminated significant x-ray flare activity
for November 2.

Several small, short-lived x-ray events are clearly recognizable above the background levels
on Figure 9, November 3, 1968. There were no large events unless one occurred between 1900 and
2242 UT. However, only one Class 1 flare and several subflares were observed during this period for
which the satellite data were lost,

November 4, Figure 10, commenced with high background levels which were overshadowed between
0200 and 0447 UT by the emission from several small flares. When the data continued at 0519 after
a gap caused by satellite night, the xX-ray emission from a very large flare was already beyond the
highest on-scale readings obtainable with SOIRAD 9's 0.5 to 3A and 1 to 84 experiments. At 0525
the 8 to 20A experiment also became saturated and continued in that state until 0533, The 1 to BA
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experiment recovered from saturation at 0536. The decaying emission from this event dominated the
solar x-ray emission for sewveral hours. This event corresponds to a Class 1B flare observed in Re-

gion 9740. The peak x-ray emission occurred between 0447 and 0533 and that agrees with the cbserva-
tion of maximum phase at 0529 by Carnarvon.

This event is a good example of a solar flare whose x-ray emission is disproportionate to its
reported optical class, 1B. Tts peak emission levels in the 1 to 8A and 8 teo 20A bands were consid=
erably higher than those of any Class 2 or Class 3 event occurring between October 26 and November 3,
1968, and its x-ray emission remained at enhanced levels longexr than most of the Class 2 events.
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Fig. 7. Solar x-ray flux for November 1, 1968.
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Fig. 8. Solar x-vay flux for November 2, 1968.
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Conclusion

Perusal of solax x-rvay data for the period March 15, 1968 to October 24, 1969 revealed no other
ten-day peried with solar x~ray activity comparable to that of October 26 through November 4, 1968,
Seven times during this ten-day span the solar x-ray emission in the 1 to 8A band exceeded 1 x 10=!
ergs/cm®/sec and on 18 additional occasions it exceeded 1 x 10-2 ergs/em® /sec. During the period
February 20 through March 1, 1969 the I to 8A band emission exceeded 1 x 1072 ergs/em” /sec five
times and it exceeded 1 x 107" ergs/cm’/sec 24 additional times. However, the events which occurred
during this latter period were, on the average, considerably smaller. Duriang July 5 - 12, 1968,
which is another period of great interest, the 1 x 10-1 erg/cm2/sec level was exceeded twice and
the 1 x 1072 erg/em®/sec level was exceeded seven times.
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ESSA 196%a "Solar-Geophysical Data', 1ER-FB 296, April 1969 (flare
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ESSA 1969b "Solar-Geophysical Data’, IER-FB 297, May 1969 (flare
class and plage region for November 1968),
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7. SUDDEN IONOSPHERIC DISTURBANCES

"Sudden Ionospheric Disturbance Summary October 22-November 4, 1968 from WDC-A Archives"

by

J. Virginia Lincoln
Space Disturbances Laboratory
ESSA Research Laboratories, Boulder, Colorado

The following table groups the individual sudden ionospheric disturbance (SID) reports for
this peried as they have been published in "Solar-Geophysical Data' into a single event listing.
The selection has been made subjectively. Preference for the times selected has been given to
sudden phase anomalies (S8PA)} at VLF, whenever possible, followed by shortwave fadeout (SWF) times.
The importance rating from 1- to 3+ has been made considering all the importances of the individ-
ual reports. The widespread index signifies the geographical extent of the event from 1 = single
station reporting to 5 = many stations reporting. The final columns give the number of station
reports per 3ID-type which were considered in formulating the event details. The SID associated
with the major flares of the period are underlined, All of these are associated with MeMath
plage region 9740. The letter in the widespread column is the x-ray flare class for the SID
associated with flares in region 9740 according to the following flux ranges:

D = Adp (0.5-88) =~ 10-3

E = 2x10™%< Ay <107

M= 10-?< Adp <10-1

X = 10712 Adp

"+ or "-" means A®p was near the upper or lower end, respectively, of

the flux range of a class.

The flux for each event was estimated from all the available satellite x-ray data and other SID
data. If the flare associated with the SID is not in region 9740, the last two digits of the Me-
Math region in which the associated flare occurred are given in the widespread index column. Pa-
rentheses indicate it was an unconfirmed flare in that region. Question marks indicate the re-
gion to associate with the SID is uanknown.

The following table summarizes the number of SID per day per region from October 22-November
4, 1968:

McMath Region

Date 35 40 39 49 47 51 54 58 44 60 Unknown

October 22 5

November 1
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SID EVENTS

Wide~
Universal Time spread No. of Stations
Date Start Max End Impt. Index Reporting for Type Listed
Oct. 22 pi41 0145 0223 1 5 M- 2SWF, 3 SPA, 5 LF-SPA, 6 SES
0ddé, 0500 0523 i 5 35 1 SWF, 2 SPA, & LF-SPA, 5 SES
0523 0528 1- 1 E 1 SPA and SES
0729 0732 0757 2 3 35 1 SWF, 1 SES
1319 1326 1436 1- 5 35 1 SEA, 2 SPA, 2 LF-SPA, & SES
[1656 1704 1708D 1+ 5 35 4 SWF, 2 SPA, 2 LF-8PA, 5 SES
1708 1718 1810
1858 1303 1914 1- 1 E- 1 SPA
1929 1936 1950 1- 1ip 1 SPA
2122 2132 2202 1- 3 35 1 8PA, 1 SES
Oct. 23 gp12 0017 0045 1 5 35 1 SWF, 2 SPA, & LF~SPA, 4 SES
0357 0407 0523 2 5 35 3 SWF, 1 SCNA, 1 SPA, 4 LF-SPA, 4 SES
0857 0904 0907 1- 1D 1 SWr
1142 1145 1210 1~ 1 35 1 SCNA
1310 1312 1400 1- 5 39 1 SWF, 2 SPA, 1 SE8
1743 1749 1804 1- 5 39 3 SPA, 2 LF~SPA, 3 SES
1837 1839 1843 1- 3 35 1 sPA, 1 SES
1939 1940 2009 1- 5 M 3 SWF, 2 SPA, 2 LF-SPA, 3 SES
2130 2133 21486 1- 1 35 1 SPA
2350 0019 0055 2+ 5 X- 2 SWF, 2 SPA, 2 LF-§PA, 3 SES
Get. 24 2059 2125 2240 1 5 M 2 SWF, 1 SCNA, 2 SPA, 1 SES
Oct. 25 1534 1539 1600 1 5 35 1 SPA, 3 LF-8PA, 3 SES
1907 1913 1922 1- 5 35 1 SWF, 2 SPA
2317 2323 2346 1- 1 35 1 SPA
Oct. 26 0115 0143 1+ 1 E 1 SWF
[1638 16460  1646D 1 5 4 8WF, 2 SCNA, & SPA, 3 LF~SPA, 5 SES
1646 1655 1707D
1849 1851 1852 1- 5 D 1 sPA, 1 SFD
2017 2028 2140 1- 1D 1 SPA
Oct. 27 _poos 0015 0018D 1 5 E- 1 SWF, 3 SPA, 1 SES
0018 0022 0114Y 1 3 E- 1 SPA, 1 SES
0112 0133 0258 2- 3 E 2 SWF
1110 1112 1127 1+ 5 E& 4 SWF, 2 SEA, 2 SPA, 1 LF-SPA, 2 SES
1144 1148 1154 2 5 E+ 4 SWF, L SEA, 2 SPA, 1 SES
[1230 1235 13021 2+ 5 M 5 SWF, 1 SCNA, 1 SEA, 2 SPA, 2 SES
1305 1328 1435 2+ 5 Mt 2 SWF, 2 SCNA, 2 SPA, 2 LF-SPA, 3 SES
1636 1638 1648 i- 1D 1 SWF and SPA
1911 1914 1918 1- 3 D 1 sWF, 1 SPA
2142 2143 2145 1 1 D 1 SFD
2206 2207 2209 1- 1 M- 1 SWF and SPA
2211 2219 2235 1 5 M- 1 SWF, 3 SPA
Oct. 28 0203 0211 0245 1 5 39 1 SPA, 3 LF-SPA, 3 SES
0507 0515 0555 1 5 E 1 SWF, 1 SPA, & LF-SPA, 4 SES, 1 SEA
[1240 1335 16000 1+ 1 49 1 SPA
1349 1356 1522 1- 5 E 1 swF, 1 SPA, 1 SES
1631 1637 1656 i- 5 35 1 SWF, 2 SPA, 3 LF-SPA, 4 SES
1945 1951 2002 1- 1 35 1 seA
Oct. 29 0356 0359 0404 - 1 49 1 SWF
0546 0554 0603 1+ 5 E 1 SWF, 3 LF-SPA, 3 SES
0727 0737 0750 1 3 E 1 SWF, 1 SEA, 1 SES
0900 0912 0952 1+ 5 M- & SWF, 1 SCNA, 3 SEA, 1 SES
0956 1000 1006 i+ 5 M 3 SWF, 1 SEA, 1 SPA, 2 SES
1218 1230 1328 2+ 5 Mt 5 SWF, 1 SCNA, 3 SEA, 3 SPA, 2 LF-
SPA, & SES
1413 1416 1443 1 5 E 1 SEA, 1 LF-SPA, 1 SES
1711 1714 1733 1 5 49 1 SWF, 2 SPA
1823 1834 1848p 1~ 5 D 1 SWF, 2 SPA
1848 1849 1853 1~ 5 D 2 SWF, 2 SPA, 1 SES, 1 SFD
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Wide~

Universal Time spread No. of Stations
Date Start Max End Impt. Index Reporting for Type Listed
Cct. 30 0134 0138 0230 1 5 E+ 1 SWF, 2 SPA, 2 LF-SPA, 1 SES
0215 0225 1 3D 2 LF-SPA, 2 SES
0752 0755 0810 1- 1 =B 1 SWF
0922 0935 1002 1 1 E 1 SWF
rl210 1215 1235D 1+ 5 1 SWF, 1 SEA, 1 SPA
1235 1300 1300D 2 5 M 5 SWF, 3 SEA, 1 SPA, 3 LF-SPA, 5 SES
1335 1345 15000 1 5 2 SWF, 1 SCNA, 1 SEA, 2 SPA, 2 LF-
SPA, 2 SES
1449 1516 i3 3 2 LF-SPA, 2 SES
1622 1624 16440 1- 1 D 1 8PA
1802 1809 1820 1- 1 7 1 SWF
2023 2036 2112 1- 1 D 1 SPA
22040 2212 2240 1- 1 47 1 SPA
2242 2248 2257 1~ 3 7 1 sWF, 1 8PA, 1 SES
2343 2355 0301 2+ 5 X- 3 SWF, 3 SPA, 5 LF-8PA, 5 SES
Get, 31 1434 1443 1526 1 5 ? 1 8WYF, 1 SCNA
1714 1722 1750 1 3 D 1 SCWA, 1 SPA
2247 2303 2349 1+ 5 M+ 4 SWF, 1 SCNA, 3 SPA, 1 SES
Nov. 1 0020 0025 1 5 5 LF-SPA, 6 SES
0547 0550 0557 i- 1 1 SWF
0828 0858 1012 2 3 M+ 4 SWF, 1 SPA, 1 SEA
1015 1030 1160 i 3 7 1 SWF, 1 SPA
1208 1211 1233 i 1 E 1 SPA
1405 1420 1504 1 1 (49) 1 8Pa
1511 1514 1518 i- 1 D 1 5PA
1707 1708 1717 i- 1 ? 1 3PA
1808 1813 1847 1- 5 E 1 8PA, 1 LF-SPA, 1 SES
1847 1848 1859 I- 1 2 1 SWF
19050 1906 1927 2 1 7 1 SWF
1959 2010 2127 2 5 X~ 3 SWF, 2 SCNA, 1 SEA, 5 SPA, 1 LF-
SPA, 3 SES, 1 SFD
2245 2250 2309 1 5 M 1 8YF, 5 SPA, 4 LF-SPA, 4 SES, 1 SFD
Nov., 2 0011 0023 1 3 7 6 LF-SPA, 6 SES
0038 0046 0100 i- 5 D 1 SWF, 2 SPA, 2 LF-SPA, 3 SES
0110 0115 0141 1- 3 M- 1 SWF, 2 SPA, 2 LF-SPA, 3 SES
0331 0345 0423 1 5 E 1l SWF, 1} SPA, 3 LF-5PA, 2 SES
0928 0938 1+ 1 E 1 8WF
0946 1003 1045 2+ 5 X 2 8WF, 1 SCNA, 1 SEA, 2 SPA, 2 SES
1049 1054 1100 2 1 (58) 1 sWrF
1518 1543 1620 1 5 E 3 SWF, 1 SEA, 2 SPA
1700 1703 171510 i- 5 D 1 sPA, 1 LF-SPA, 1 SES
1715 1718 1723 i- 1 5] 1 SPA
1913 1917 1926 1- 5 D 1l SWF, 2 SPA
1937 1943 1953 1- 5 D 1 8PA, 1 SES
2158 2201 2215 i- 1 (58) 1 SP4
Nov. 3 0000 ool 0011D i 5 % 1 8PA, 1 SES
0259 0303 0312 1 5 E 1 SWF, 3 LF-SPA, 3 SES
1234 1242 1328 it 5 E 4 SWF, 1 SCNA, 4 SEA, 1 SPA, 2 SES
1641 1642 1654 i- 5 54 1 SPA, 3 LF-SPA, 3 SES
1714 1722 1744 i- 5 E 1 SWF, 1 SPA, 2 LF-SPA, 2 SES
1809 1813 1829 I~ 5 7 1 SWF, 2 SPA, 2 LF-SPA, 2 SES
1938 1- 1 D 1 SPA
1855 2030 1- 1 D 1 S?PA
2034 2039 2043 1 5 E+ 3 SWF, 2 SPA, 2 LF-SPA, 2 SES, 1 SFp
2105 2111 2124 1- 1 D 1 5P
2210 2220 2304 1w 5 44 2 SPA
2323 2330 0012 1- 5 7 1 SWF, 3 SPA, 2 LF-SPA, 3 SES
Nov. 4 0202 0213 1 3 E 2 LF-SPA, 2 SES
0346 0356 0417 1 5 (51) 1 SEA, 1 SPA, 2 LF-SPA, 2 SES
0509 0527 0642 2 5 X 2 SWF, 1 SEA, 2 SPA, 1 SES
2106 2109 2117 1 5 7 2 SPA
2143 2152 2225 1- 1 60 1 sPA

180




"Panska Ves Observatory Sudden Ionospheric Disturbances October 21 - November 3, 1968"

by

Pavel T¥{ska

Geophysical Institute, Czechoslovek Academy of Sciences

[The records printed below for October 27 and 29, 1968 are examples of sudden ionospheric disturb-
ances (SID) as recorded at the Panska Ves Observatory (N50.53° E14.57°) of the Geophysical Insti-

tute of the Czechoslovak Academy of Sciences.

The types of SID reported are short-wave fadeouts

(SWF), sudden enhancement of atmoespherics at 27 kHz (SEA), sudden decrease of atmospherics at 5 kHz

(SDA), and sudden phase anomalies on LF amplitude recordings (SFA).

The latter are indirect phase

measurements by the one-hop sky-wave interfering with the ground wave on 155 kHz and 164 kilz trans-
missions at 1000 km distance.

The records submitted to World Data Center A, Upper Atmosphere Geophysics are for:

2n

13

1%

Qctober 21,
22,
27,
29,
30,
November 1,
2,
3,
%
Y
W

1100-1600 UT
0600-1000 and 1200-1500
1100-1500
0800-1100 and 1100-1500
1100-1500
0800-1100
0900-1300 and 1400-1700
1200-1500.]
oo 1
i H ' H '
— 4 | S
— : .o
f i
27. 1. 1868 e b
. - —‘.h 1
Obs. PANBXA VER' -
8 kMr amenteries o '
- 5 [ . T
. i <,
g SOA ¢ 4t 1 H#
i L
H ! t
i | i
. . . ) } f‘( : Co
- & & “ & & ol A
b - i -t ~

181

PR s




3

e
- - .

. — Y
e , |
S DN B Y o - 31
il ady , L
S I e 3 . . T
o ° i
N PSS T
F s !
TTYTUROGE T : * “
— e bR - i
w : )
i
— AT i1
. I
L ¥
1
PR ]
|
' m | Ty
-—\ 1 : ” [aN]
i : T o
- g i T - f -
E [ Lﬂ_ i b . A\ il Wf,
, . ri ! AR : -
- W‘ .m‘:i /4 P A 3_._n Wm ._w%_"uu
; , i SR o]
i SR A R ol Lis e L e
! : . i b o N
5 _ N ; W\ : . i
m ! 31w | , ColNHE L L
R i T e e ES
e A TR bt i _ L AHSEE
Sy .«m ”.l 'L v ..‘” .PlLr L _.
SRR = Bk i
' ETERES _.f ) I T e hlJﬁ - __....A.
e | IHAH AL H 1) SELE(R R R Ty RURHIBE .
: P e CIREE RN P Nl I (R TRV Y H id T TR I
. - O [ Low. dor L. A Lefov o t . m . , ]
; Y _a.”m. ﬁ.m T . W REU1 A S—
a nm ; " i i : Bl RN RPUPRPUY U S S S B | s ! | 1
sy ¥ s = bl L . ! Ll A -
. =N RPN [ I T U A P Sl !
E.wrdn.ﬂhn:w%mf:- S N _.....mA ur_ ! L ?u” - oad
-t S+ L S LS RS I S Y N I [
. w RE . i
TS - R 7 N
W ... I




'vu: T"
o 8EA

=
A

_,“ i :. '
i i i .
] . 1 :
H 3 L Ing
i il
! _“ 4031
HINIEN
41+ o
a8 5=
) _.mp_ rF_L._Ths
T :
il Al
ARAS
YT, TTBb
m HH
1z 38 Hieg
w
i

e

d

=
>
~

BT

P B 4_
ol ,‘Mw_l
¥ 0
A g oadide
»f..* “u _”..
Rilahl
= T
Y H i
S H _1.
'W ! ,M_ "
LHRIEN
.~— : m .“J
ik R Y
= i o
Pl o i
LS
¥ SR 1 IURUSIN: by

[ R " i
i

183



"Solar Flare Effects in the Tonosphere Observed at Liadau
(51°39" N; 10°7.5' E) from October 27 to November 2, 1968"

by

H. Schwentek
Max-Planck-Institut fiir Aeronomie
Institut fdr Tonosphirenphysik
D341l Lindau, Federal Republic of CGermany

Introduction

During great solax flares occurring mainly in years of high and maximum sunspot number the
electron density of the lower ionosphere (at heights between 65 and 100 km) increases considerably,
On records of the signal strength of shortwave transmitters made simultaneously at different fre-
quencies, the increase of solar radiation causes a more or less distinct decrease of signal strength
(shortwave fadeout); and it is well-known that the higher the frequemcy of the transmitter, the
weaker the effect. It should be mentioned that most of the solar flares observed in the light of
Ho are not correlated with a shortwave fadeout. But nearly every shortwave fadeout can be corre-
lated with a solar flare-observed in Ho. Out of 295 shortwave fadeouts observed in the IGY, 280
were typically correlated with Ho; 12 were correlated with Ho activity occurring simultaneously
but being of other than flare-type; the correlation for two fadeouts was uncertain, and was miss-
ing for one [De Mastus and Wood, 1960].

The increase of ionospheric absorption during a solar flare, as a function of time, is rather
well assoclated with the imcrease of solar x-ray flux (in the wave-length band 1 - 12 &). See
Fig. 1 by Hartmann and Schwentek [1969]. One or two days later, caused by solar particles, still
other important effects may - but often do not - occur: aurora and a geomagnetic storm.

At Lindau, for a couple of years, the signal strength of several shortwave transmitters has
been recorded continuously on carefully selected circuits [Schwentek, 1958 and 1966]: Norddeich -
Lindau (2.614 MHz; distance transmitter - receiver 296 km), Kiel - Lindau (2.775 MHz; 300 km) ,
Luxemburg - Lindau (6.09 MHz; 339 km) [Timpe, 1968]. 1In addition, the cosmic noise at 27.6 MHz
[Schwentek and Gruschwitz, 1970] has been recorded by the corner-reflector antenna of the riometer
used directed to the Pole Star.

In the period October 27 until November 2, 1968, several solar flare effects occurrred, some
of them being very great; they will be described in the following section. Concerning the aurora
and the geomagnetic storm which appeared in that periocd see the paper of Czechowsky, Kochan, Lange-
Hesse, Lauche and MUller of pages 296 to 309 of this Report.

Description of the solar flare effects

The data characterizing each effect are compiled in Table 1. They are listed as far as they
could be derived from the records. It should be mentioned that such effects can be observed only
between sunrise and sunset. Solar flares occurring when there is nighttime at Lindau cam be re—
corded only by stations im daylight.

In order to obtain a complete picture of all the events in the period October 27 to November z,
1368, all available observations have to be collected and attalyzed, Here only a description of the
effects as observed at Lindau will be given.

After October 21, when a weak solar flare effect was recorded, the next effect occurred on
October 27. It was a heavy double effect; this can be recognized clearly only on the record of
6.09 MHz in Fig. 2. Also the cosmic noise record shows two maxima of absorption., However, on
this day, the normal trend of cosmic noise was cbscured by solar noise., The trend of signal
strength recorded on 2.61 Mz and 2.77 MHz is rather curions, in fact unique. Very probably the
signal strength between 1300 UT and 1400 UT is not due to the ground wave,

From the ionogram taken at 1330 UT a value of f-min = 2,6 MHz was derived. That is to say
that there were no echoes from the E layer.

While October 28 was undisturbed, on October 29 three solar flares were recorded, one of them
a rather great one. The weaker effects can be recognized clearly only on the records of the lower
frequencles in Fig. 3. The cosmic noise record is very much disturbed and on it only the time of
maximum gbsorption can be derived.
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Table 1 Datz of solar flare effects observed at Lindau in the period

October 27 to November 2, 1968

(L circuit = Norddeich~lLindau; KL = Kiel-Lindau; LL = Luxemburg-
Lindau; ¥ = a value cannot be derived; U = uncertain value; S-~SWF =
sudden shortwave fadeout; V-SWF = V-shaped shortwave fadecut)

Date Start Max imum End Type Absorption Duration Circuit
1968 uT Ut uT dB min
Oct 27 1236 N 1424 5~SWF > 27 108 NL
1237 N 1430 S-SWF > 28 113 KL
1236 1242 1300 S-SWF U 23 24 LL
1300 U 1329 U 1430 V-SWF g 22 90 LL
N 1242 N N N N Riometer
N U 1333 N N N N Riometer
Oct 29 0904 0915 0927 V-SWF 27 23 NL
0903 0909 0933 V-SWF 21 30 KL
N 1000 1015 N 15 N NL
0936 0957 U 1015 V-8WF 15 39 KL
1218 N 1353 N > 35 95 NL
1215 N 1420 N > 39 125 KL
1217 1235 1349 V-SWF 15 91 LL
N 1232 N V-SWF ¥ N Riometer
Oct 30 1242 1300 1315 V-8WF 26 33 Ni,
1248 1300 1324 V-8WF 25 36 KL
1248 U 1300 N N U 10 N LL
N 1301 N N N N Riometer
1318 1354 1419 V-SWF 19 61 NL
1327 U 1351 1421 V-SWF 18 54 KL
Nov 1 0836 N 1007 V-8WE > 22 91 NL
0836 N 1006 V~SWF > 25 90 KL
0839 U 0909 N V-SWF N N LL
0848 0900 - 1000 N N 0.53 s Riometer
Nov 2 0948 N 1i12 N > 19 84 NL
0948 N 1113 N > 18 83 KL
0949 N 1100 S-SWF > 26 71 LL
0950 1001 1057 S-SWF 2,27 67 Ricmeter
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On October 30 a double effect occurred as shown in Fig. 4. The greater one can be recognized
on all four records. This double effect is also seen on the record of the backscatter ecircnit
Bielstein ~ Lindau [See Czechowsky et al, in this Reportl.

The solar flare effect which occurred on November 1 appears on the records of the two lower
frequencies as usual. On 6.09 MHz it does not show up very distinctly and on 27.6 MHz it is irrege
ular. After the decrease of the noise power the level remains constant for about one hour, and
subsequently shows a burst of solar noise from 1000 UT to 1215 UT with masimum at 1040 UT.

The records taken during the night of November 1 to 2 indicate a greatly disturbed 1 F
transmission. This is supported by applying transmission curves of the eircuits to the ionograms
of the Lindau station which show a largely decomposed F layer. Sometimes there is a 1 Es trans-
mission. This can be deduced from strong increases of the signal strength, partly observed
simultaneously on the circuits Norddeich - Lindau and Kiel - Lindau,

Very typical is the strong solar flare effect on November 2, 1968 in Fig, 5. The signal
strength of the two lower frequencies is reduced to zero (ground wave on 2.614 MHz). Only the
cosmic noise record at 27.6 MHz shows the complete trend of the effect due to the small absorption
at such high frequencies as shown in Table 1.
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with Explorer 33 (Van Allen, 1969),
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The signal strength varies rather
similarly with the solar flux. Shortly
after 2000 UT (sunset)}, the 1 E trans-—
mission being the dominant mode in the
daytime, is replaced by the 1 F mode
(nighttime conditions), and then

there is no more absorption in the

D region. Due to sunset, the solar
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Fig, 3. Shortwave fadeouts on October 29, 1968 Fig. 4. Shortwave fadeouts on Octcber 30, 1968.

E = calibration. At 6,09 MHz calibra-
tion was carried out between 0830 UT
and 0900 UT.
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8. GSPACE OBSERVATIONS ~ ELECTRONS, PROTONS, ALPHAS,

INTERPLANETARY MAGNETIC FIELDS

“Explorer 34 Solar Proton Monitoring Experiment, Ep >10 Mev, October 21-November 10, 1968Y
by

C. 0. Bostrom
John Hopkins University Applied Physics Laboratory
and
D. J. Williams and J. F. Arens
NASA Goddard Space Flight Center

[The compiler has prepared the following paragraph and figure from the data routinely published in

"Solar-

Geophysical Data'.]

In Figure 1 the proton intensities in the energy range Ep 210 Mev from the Solar Proton Monitor-

ing Experiment (SPME) are presented for the period October 21-November 10, 1968,
YSolar-

issued
64-69,
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10%

10%

#/STER CM* SEC

10%

These data are from
Geophysical Data", No. 298, Part IIL, p. 163 and No. 300, Part II, p. 91. The Descriptive Text
as IER-FB 294 (Supplement) to "Solar-Geophysical Data' describes these measurements on pages
The events are complex beginning on October 29 and continuing through November 5, 1368.
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"Explorer 35 University of California Energetic Particles Experiment October 26 - November 22, 1968"
by

Robert B. Lin
Space Sciences Laboratory
University of California, Berkeley

Figure 1 consists of plots of one-hour averages of the detectors' count rates over the 28-day
period beginning 26 October, 1968, The three curves never cross each other; detector GM? is on top,
GMLl is in the middle, and the IC is the lowest curve. At the top of the figure is the ecliptic
longitude of the satellite position {sun-earth-satellite angle projected on the ecliptic plane,
measured counter-clockwise as seen from the north pole). Fluxes can be derived from the counting
rates by multiplying by the following factors after subtracting background:

Count Rate GM1l x 28
Count Rate GM2 x 3.5

Particle Flux GMl (cw2sec'ster~!)
Particle Flux GM2 (cm %sec lster™!)

to®

Explorer 35 is a lunar orbiting spacecraft with aposelene of 5.42 Ry, (1 Ry, = lunar radius =
1738 km) and periselene of 1.46 Ry. The orbital period is 11.5 hours and the orbital plane is in-
clined 14° off the ecliptic plane. As the moon orbits the earth, Explorer 35 effectively traces out
a circular orbit at the lunar orbital radius of ~60 Rg. Lunar effects, such as shadowing [Lin, 19683
are evident in the data, -as well as terrestrial radiation in the Earth's magnetic tail (ecliptic
longitude ~150°-210°).

The three curves denoted GML, GM2 and IC refer to three detectors in the University of Califor-
nia experiment aboard Explorer 35 (AIMP-2}. These are described in detail elsewhere [Lin, 19687.
Essentially GMl and GM2 are Geiger-Mueller detectors sensitive to >45 keV electrons, and >22 kev
electrons and >0.3 MeV protoms, respectively. 7IC refers to an ionization chamber sensitive primari-
Iy to protons of 2 15 MeV energy, although energetic x-ray bursts are occasionally observed (identi-
fiable by their rapid variation, usually less than 1 hour)., Galactic cosmic ray background levels
(bkd) for each detector are indicated on the left-hand side of the figure,
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""Temporal Variation in the 100 kev to 8 Mev Solar Protons during the October/November 1968 Event"
by

F. S¢raas and A. Gjerde
Department of Physics
University of Bergen, Bergen, Norway

This paper reports preliminary results from the S71C experiment (University of Bergen, Noxrway
and Danish Space Research Institute, Demmark) for the October/November 1968 Event.

The experiment is flown onboard the ESRO I (Aurorae)} satellite launched on October 3, 1968 into
a near-polar orbit with inclination 94°, apogee 1540 km and perigee 260 km. During the period con-
sidered perigee was over the northern polar region. The satellite is magnetically stabilized.

The S71C experiment employs three totally depleted surface barrier detectors, two umnshielded
detectors D1 and-D2, and one background detector D3, shielded by 0.3 mm of aluminum. The detectors
have the following orientation: Dy along, Dy normal and D3 45° with the magnetic field, The orienta-
tion of the detectors in the northern hemisphere is such that D detects particles that will be ab-
sorbed in the atmosphere, whereas Dy responds to particles that mirror at the satellite altitude. A
collimator restricts the solid angle of the detector to 0.074 sr. and the directiomal geometric fac-
tor is 0.037 cm?® sr. Magnets in front of the apertures sweep away-electrons with energy less than
500 kev. Each detector is followed by a charge-sensitive amplifier and a main awplifier, The sig-
nals from the amplifiers are fed to a six-channel differential pulse-height analyzer, In the first
five channels both protons and alpha-particles will be recoxded, while channel six will raspond to
alpha~particles only.

The different energy chamnnels are counted sequentially taking two adjacent channels each time,
The counting period being 0.345 seconds, A complete sample of all three detectors is obtained avery
3.6 seconds. A complete description of the instrument is given by Sdraas et al. [1969].

In order to study the time history of the solar protons, data from each pass above invariant
latitude 78° were averaged. The results are shown in Flgure 1 where the count rates of the energy
channels (115-180)kev, the (475-880)kev and the (2900-8000)kev of precipitated protons are plotted
versus time. The time period covered is from October 27, 1968 through Nowember 4, 1968. In this
report no interpretation of the data will be given and the variations in the count rates will not be
related to flare activity on the sun. Comparing these data with the data obtained from the detector
looking normal to the magnetic field, it appears that the proton pitch angle distribution below I
Mev was peaked along the magnetic field., Above this energy the pitch angle distribution was iso-
tropic. This seems to be the case for the whole time period covered in Fig. 2. To convert the
count rates given in Fig. 1 to protons/cm® s sr. Mev the (115-180)kev, the (475-880)kev and the
(2900-8000)kev channels must respectively be multiplied by the following factors 1200, 193, 15.4.

The count rates given in Fig. 1 are preliminary as they have not yet been corrected for back-
ground. The background corrections will be important for the time period after October 31. Tt can
be of the order of 10%. WNo coxrection is either made for the possible “contamination" of auroral
protons. In order to do the corrections the data must be looked into in great detail.

4t the beginning of October 27 there was a fairly high flux of protons in the two lowest energy
channels, but no detectable flux in the (2900~8000)kev chamnel. The intensity of the low energy
protons decreases and reaches a minimum late in the evening on October 28. Arouand 000C UT on Oc-
tober 29 thexe is a rapid increase in the two lowest energy channels reaching a maximum around 1200
UL. TLate in the evening the fluxes are down to a minimum again. During October 30 there are some
variations in the count rates in the two lowest energy channels. Around 0700 UT on October 31 there
is an increase in the count rates in all three channels. This is the first time during the time
covered in Fig. 1 that the flux in the (2900-8000)kev channel exceeds 15 protons/ecm? s sr. Mev. The
count rate in this energy channel has two promounced maxima, during the days October 31 to November
2. The count rates in the two lowest energy chammels have during that time period high and wariable
values. Farly in the morning on November 4 there is an increase in the count rates in the two high
energy channels. The increase in the (115-180)kev channel is delayed for some hours. The count
rates reach a maximum around noon and then start to decay.

In Fig. 2 two sample energy spectra of the solar protons in the time period considered are
shown. In order to obtain the energy spectrum, data from the background detector are used together
with data from the detector looking normal to the magnetic field, The data points are fit fairly
well by a2 power law differential emergy spectrum,
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"ATS~1 Energetic Proton Flux (5-70 Mev) at the Synchronous
Orbit during the Proton Events of October -~ November 1968"

by

G. A. Paulikas and J. B. Blake
Space Physics Laboratorxy
The Aerospace Corporation, Los Angeles, Califoraia

The data in Figure 1 on the 5-70 Mev proton flux were obtained aboard the ATS-1 satellite.
The 21-70 Mev flux at this orbit appears to be identical to the interplanetary flux. The 5-21
Mev flux departs in a complex way from the interplanetary flux because the measurement is made
inside the magnetosphere. The flux may be attenuated by up to a factor of 10 for measurements
near local noon and magnetic quiet. For other local times and disturbed magnetic conditions
the flux of 5-21 Mev protons measured at ATS-1 approaches the interplanetary flux.

The measurements were made with an omnidirectional spectrometer. This instrument contains

shielded solid state detectors. Pulse height analysis discriminates electroams from protons and,
together with the shield thickness, determines the energy bites of the instrument,
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"Interplanetary Protons and Alphas: Days 300-313, 1968"
by

L. J. Lanzerotti and C. M. Soltis
Bell Telephone Laboratories
Murray Hill, New Jersey

Intraoduction

The period in late October and early November, 1968, represented an interval of time when the
interplanetary medium was quite disturbed and heavily populated with low energy solar protons. The
solar flare-produced disturbances in the solar wind caused at least five large sudden commencements
(SC) to be recorded in the earth during the seven days from October 26 through November 1.

The interplanetary measurements reported here were made by the Bell Laboratories experiment on
the Explorer 34 (IMP F) satellite. Explorer 34 was a spin stabilized (with spin axis perpendicular
to the ecliptic plane) satellite with an apogee of approximately 34 R.. The BTL experiment consisted
of a four element solid state telescope oriented perpendicular to the spin axis. The half angle of
the detector telescope defining collimator was 20°; the f£lux measured by the experximent was the spin
averaged flux of particles in the ecliptic plame. Protons and alphas up to an energy of approximately
4 Mev/nucleon were distinguished by the energy deposited in the first two detectors of the teiescope
and subsequently measured in a five channel analyzer. Particle species above this energy were dis-
tinguished by the use of an on-board pulse multiplier [Lanzerotti, Lie, and Miller, 1969].

Interplanetary Observations - Protons

The interplanetary proton fluxes measured in four of the seven energy channels from day 300 to
day 313 are plotted in Figure 1 together with the Alert neutron monitor counting rate, The time of
the five sudden commencements (observed by more than 10 stations) are shown by inverted triamngles
on the meutron menitor plot [Solar-Geophysical Data, 196%al.

The data in Figure 1 suggest that the time interval shown could be characterized as comsisting
of four major solar flare enhancements. The first enhancement, beginning on October 26, extended
through Cctober 2%; the second occurred almost entirely on October 30, The third enhancement,
beginning on Qctober 31, persisted for several days and decayed away until the sharp onset of the
fourth on November 4. The initial two enhancements have quite soft spectra in comparison to the
third enhancement,

4 small cosmic ray decrease at the time of the $SC on QOctober 26 was measured by the Alert neutron
monitor. The two low energy enhancements on October 29 were probably energetic storm particles
assoclated with the interplanetary disturbances producing the SC's on October 28 and 29. The large
Forbush decrease began within an hour or twe of the SC on October 29. A decrease in the lowest
energy solar proton fluxes was also observed at approximately the time of the SC and the beginning
of the Forbush decrease,

The third interplanetary proton enhancement occurred during the large Forbush decrease and was
characterized by extremely large modulations of the low energy particles. The contrast in the temw
poral development between the 0.56-0,60 Mev fluxes and the 1.2-2.4 Mev fluxes, for example, is
quite striking. After the large energetic storm particle enhancement accempanying the SC on October
31, the proton fluxes (0.56-0.60 Mev) remained depressed for several hours while the proton fluxes
(1.2-2.4 Mev) decreased in intensity for only approzimately one~half hour before increasing again.

The proton flux enhancement beginning on November 4 has a temporal profile typical of a west
limb flare; this is particularly true for the higher energy fluxes (Figure 1). McMath plage region
9740, on the extreme west limb of the sun, was quite active on November 4., A 1B flare (815°, WI0°)
beginning at 0520 and having a maximum at 0527 [Solar-Geophysical Data, 1969b] was perhaps the
source of the protons.

The time interval between the flare maximwm and the initial observation of proton imcreases
on November &4 are pldtted in Figure 2 as a function of emergy. Also shown in the figure are the
predicted arrival times at the earth assuming the protens were injected intc a 500 km/sec solar
wind at the flare maximum with either a 0° or a 90° pitch angle [Winge and Coleman, 1968; C, R.
Winge, Jr., private communication]. The data in the two lowest energy chamnels have two successive
increases and, hence, a point is plotted for the beginning of each inecrease. The first flux increases
in the two lowest energy proton chanrels appear to have occurred prior to the time expected if they
resulted from the 0520 UT flare. Hence, it is possible that these initial increases could have been
due to an earlier 1B flare that lasted from 0202 to 0334 UT [8olar-Geophysical Data, 196%b].
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Interplanetary Observations — Alpha Particles

Composition studies of solar cosmic rays are potentially powerful tools in wmraveling source
and propagation effects. The series of solar aevents in late October and early November were intere
esting in the fact that only the event commencing on October 31 contained appreciable fluxes of low
energy/nucleon alpha particles. Alpha particle fluxes measured in twe of the five experimental
alpha channels are shown in Figure 3 for the period including the enhancement. The basic temporal
history of the alpha particle fluzes during this time resembles that of the proton fluxes with the
same energy/nucleon (Figure 1).

Energetic Storm Particles

Although much interesting temporal structure is seen in the data of Figure 1, there were no
sharp, intense, less than one hour duration flux spikes at the time of the SC's as are sometimes
seen in the low energy solar data [see, e.g., Lanzerotti, 1969]., The proton and electron count-
ing rates measured during two time periods around the SC's on October 31 and November 1 are shown
in Figures 4 and 5. Each data point corresponds to a 9.28 second counting average.

The data in Figure 4 show that a small enhancement in the lowest energy proton channel was
observed approximately one minute prior to the October 31 SC at 0859 UT [Solar-Geophysical Data,
1969a). Ne disturbances were seen in either the higher energy proton data or the electron data.

The data in Figure 5 show the proton and electron fluxes for the time period prior to and
following the SC at 0916 UT on November 1 {Solar-Geophysical Data, 1969a]. Again the lowest energy
fluxes inecreased in intensity prior to the SC. The higher energy proton fluxes and electron fluxes
were unaffected by the interplanetary disturbance. An enhencement was observed in the proton fluxes
beginning at “1200 UT and extendimg to ~1240 UT. The flux enhancement was larger for the higher
energy fluxes (as can be seen from the data in Figure 1). Almost one hour after the proten decrease
at 1240, the electron fluxes increased in intemsity.
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“Synchronous Altitude Protons and Electroms: October 26 - November 8, 1968"
by

L. J. Lanzerotti and C. M. Soltis
Bell Telephone Laboratories
Murray Hill, New Jexsey, 07974

Electron and proton data obtained from a particle telescope on the synchronous altitude ATS-1
satellite during the stormy geomagnetic period from October 26 through November 8, 1968 are pre-
sented here, The stormy period resulted in large flux changes and large diurnal variations in the
ATS-1 electron fluxes. The solar protons resulting from the several solar flares during this peri-
od were also observed continuously at synchronous altitude.

The ATS-1 satellite (launched December 6, 1966) is a geostationary, spin-stabilized satellite
(with the spin axis parallel to the local magnetic field) stationed at 158°W, 0°N (2.7°N, 278.7°E
geomagnetic) and at a geocentric distance of 6.6Rg. The Bell Telephone Laboratories (BTL) experi-
ment flown on ATS~1l consists of a six-element selid-state detector telescope oriented perpendicular
to the spin axis of the satellite. By use of the particle dE/dX characteristics and appropriate
logle circuitry, the experiment is capable of distinguishing between protons, alphas, and elee-
trons. The half-angle of the detector telescope collimator is 207; the flux measured by the BTL
experiment is the spin-averaged flux of those particles with piteh angles eclose to 90° [Lanzerotti,
1968a). ATS-1 local time is obtained by subtracting !0 hours from the Universal rime,
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Fig. 1. Hourly average synchronous altitude electron fluxes, Kp, and the hourly value Heonolulu
H-component during Qctober 26 - November 8, 1968.
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The time history of the electron fluxes in two of the ATS électron channels is shown in Fig-
ure 1 together with the Kp index and the hourly value H-component of the Honolulu magnetic field
{21.1°N, 266.5°E geomagnetic), The five largest SC's during this period are shown above the Kp
data [Solar-Geophysical Data, 1969]. The measured electron Fflux intengities show the typical daily
variations, with larger fluxes observed near ATS local noon than at ATS local midnight. These di-
urnal variations in the flux intensities arise because of the distortiom of the magnetosphere from
its dipolar shape by the solar wind. The ATS-1 satellite, in a circular orbit, effectively meas-
ures electrons or a higher drift shell at local midnight them at local noon. Since the ATS orbit
is beyond the maximum of the outer electron belt, the fluxes are lower at midnight than at noon
[Lanzerotti, et al., 1967; Brown, 1968; Paulikas, et al., 1968], Furthermore, since the radial
gradient of the higher emergy electroms is larger than for the lower energies, the diurnal vari-
ation is larger in the higher energy fluxes.

The Kp and Honelulu field data of Figure 1 show clearly that on the days of greater magnetic
activity (larger Kp and larger Honolulu field depression) the diurnal variations of the ATS elec-
tron fluxes become larger, less symmetrical, and undergo larger intensity variations on the scale
of an hour (or less}. TFurthermore, on days 303-304 and days 305-307, for example, when Kp was
quite large and the Honolulu H-trace indicated a field depression near local noon, the ATS electron
fluxes near local noon were also strongly depressed.

The solar proton fluxes measured in two energy chanmels on ATS during the stormy period are
shown in Figure 2. Previous work has shown that, in general, when a source of solar-originated
particles is present in interplanetary space, comparable fluxes of these particles with similar
spectral characteristics are usually observed inside the magnetosphere at synchronocus altitudes.
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Frequently, diurnal variations, opposite to the electron flux diurnal changes, are observed in the
synchronous altitude solar proton fluxes [ Lanzerotti, 1968; Paulikas and Blake, 1969; Lanzerotti,
1970]. It has been pointed out that these diurnal variations often resemble, temporarily, PCA mid-
day recoveries [ Leinbach, 1967; Lanzerotti, 197¢]. During most of the time period, plotted in Fig-
ure 2, however, such variations were not strongly apparent.

An example of a rapid change in the synchronous altitude electron fluxes near local midnight dur-
ing one of the stormy days (day 304), is shown in Fig. 3. This type of sudden increase in the fluxes
near local midnight has been discussed previously by Leznick and Winckler [1969] and by Lanzerotti and
Maclennan [1969] and is generally observed to accompany a simultanecus increase in the local magnetic
field intensity. Although a complete understanding of such rapid flux variations requires the use of
the local ATS-1 magnetic field data, the lack of time dispersions in the several small-amplitude
electron enhancements plus the existence of larger increases in the higher emergy fluxes than in the
lower energy fluxes support the view that the changes in Figure 3 were predominately adiabatic. Oc-
casionally, however, the occurrence of large, non-adiabatic relativistic electron enhancements with
gradient drift around the earth are cbserved [ Lanzerotti and Maclennan, 19691.
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Fig. 3. Rapid time variations in the electron fluxes on October 30, 1968.
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"Response of Electrons (E, =0.28 Mev) at 1.2 <L S1.3
to the November, 1968 Magnetic Storm"

by

J. C. Armstrong, C. 0. Bostrom, and D. S. Beall¥*
Applied Physics Laboratory, The Johns Hopkins University
Silver Spring, Maryland

The magnetically active period in late October - early November, 1968, was unusual in that it
was one of two periods over a five year time span that caused a major change in the electron popula-
tion, B =0.28 Mev, at L = 1.2 (the other period was May 26, 1967), A change in the flux levels
of these electrons was observed during this period at all inner zone L-values covered by satellite
1963-38C. This satellite was in a near-cireular, polar orbit with altitude 1100 km. It was
magnetically aligned, and the detector of interest (silicon surface barrier) loocked perpendicular
to the field line, with a full angle of “13°. We wish to emphasize here the response of the elec-
trons in the region L = 1.20 - 1.30. The B-values are limited to narrow bands for a given EL-value
and are within the interval 0.16 - 0.19 gauss. [xact ranges are given in Bostrom et al. [to be
published]. Examples of the response of other inner zone particle populations in & more extended
L-region can also be found in the cited paper. Approximate flux values can be obtained by multi-
plying the count rates by 450, but more precise procedures for determining flux are given in Beall
et al, [1967].

The count rates obtained during the period of interest are shown in Figure 1, which shows the
clearly recognizable responses at L = 1.2 to 1.3 of these electrons to geomagnetic activity as
measured by IKp. A general feature of these electrons in this region of space is their response to
even modest geomagnetic activity, as can be seen at day 276. For the period of interest here (day
number = 304), we can summarize the qualitative aspects of the response as follows:

(1) Geomagnetic activity produces an increase in count rates at all L-values between 1.2 - 1.3,
(ii) The magnitude of this inerease is a maximum at L = 1.27.
(ii1) Generally, both the rise and decay are slower at higher L-values,
Quantitatively, the percentage increase was a maximum at L = 1.20 (100%) and a minimum at L =

1.30 (200%). Rise time was a minimum of L = 1.20 (2.5 % 1 days) and a maximum at L = 1.30 (8.0 =~
1 days). The decay time ranged from roughly 7.5 days at L = 1.20 to 55 days at L = 1.30.
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"Transverse Magnetic Disturbances due to
Field Aligned Currents on October 31 and November 1, 1968"

by

J. C. Armstrong and A. J. Zmuda
Applied Physics Laboratory
The Johns Hopkins University, Silver Spring, Maryland

Magnetic disturbances transverse to the local main field direction were observed at 1100 km.
altitude by satellite 1963-38C on October 31 (day 305) and November 1, 1968. The satellite is
magnetically aligned, and the magnetometer used to measure the disturbances is nominally perpen-
dicular to the main field (for more details of the experiment, the reader is referred to the
article by Zmuda, et al., 1966).

Figures 1 and 2 are examples of the raw data obtained with this experiment. The two alter-
nating levels shown represent the magnetometer output as a function of time both with and without
a 1390 vy calibration signal, and the difference between the two levels during undisturbed times
can be used to scale the amplitude of the magnetic disturbance. The general level of the magne-
tometer output varies with time even when there is no magnetic disturbance, due to the oscillation
(period ~8 minutes, amplitude ~6°) of the satellite about the field line. This kind of variation
is shown by the dark line on Figure 1. Magnetometer levels which vary about this line represent
the disturbances of interest here.

The magnetic disturbances shown in Figures 1 and 2 are probably due to field aligned currents
(see, for example, Cummings and Dessler. 1967). Bostrdm [1964] has studied models of the auroral
electrojet, assuming them to be driven by magnetospheric electric fields and allowing vertical (i.e.,
field aligned) currents to flow. In one model (designated by Bostrdm as Case 2) strong sheet cur-
rents flow into and out of the auroral arc, one along the equatorward edge and one along the polar-
ward edge, the sheets bracketing the horizontally flowing auroral electrojet. The magnetic field
due to such sheet currents would be transverse to the main field and would be contained between the
current sheets. It appears that the disturbance field shown in Figure 1 between 1505:12 UT and
1505:57 UT (satellite local time " 0851) can be interpreted as being produced by this type of cur~-
rent system. Following the model of Bostrdm, this current system would be driven by a magnetospheric
electric field associated with plasma flow from the tail around the morning side toward the sun. In
this case the electric field in the equatorial plane is directed from the morning to the evening side
of the magnetosphere, and an auroral electrojet flows westward in the region where the sheet currents
close in the ionosphere. The noticeably constant amplitude of the disturbance between 1505:12 UT
and 1505:57 UT is consistent with a steady, intense magnetospheric electric field. This interpre-
tation of the data in Figure 1, while not unique, seems reasonable.

The data shown in Figure 2, actually taken approximately 25 hours earlier, but at approximately
the same satellite local time, is more difficult to interpret. While the magnetic disturbance shown
in this figure is probably also produced by field aligned currents,-the highly structured nature of
the disturbance field indicates either a strongly time-dependent current and/or one with considerable
spatial structure. We defer a detailed analysis of this disturbance until a later time.
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BOSTRﬁM, ROLF 1964 A model of the auroral electrojets, J. Geophys. Res.,
69, 4983,
CUMMINGS, W. D. and 1967 Field-aligned currents in the magnetosphere, J. Geophys.
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[Permission to reprint the following article from "Science, 166, 596-598, 1969"
has been received from the authors and the publisher.]

Reports

Pioneer 6: Measurement of Transient I araday Rotation

Phenomena Observed during Solar Occultation

Abstract. Pioneer 6, which was launched into orbit around the sun on 16
December 1965, was occulted by the sun in the last half of November 1968.
During the period in which -the spacecraft was occulted by the solar corona, the
S-band telemetry carrier underwent Faraday rotation as a result of this anisotropic
plasma. The NASA-Jet Propulsion Laboratory 210-foot (64-meter) antenna of
the Deep Space Network at Barstow, California, which was equipped with an auto-
matic polarization tracking system, was used to measure this effect. Three large-
scale transient phenomena were observed. The measurement of these phenomena
indicated that Faraday rotation on the order of 40 degrees occurred. The dura-
tion of each phenomenon was approximately 2 hours. These phenomena appear
to be correlated with observations of solar radio bursts with wavelengths in the

dekametric region.

The Pioneer 6 spacecraft was
launched into an orbital trajectory
around the sun on 16 December 1965,
The completion of the 210-foot (64-
meter) Advanced Antenna System, the
implementation of a very low noise re-
ceiver system, and the reliability of the
vehicle transmitter have made it possi-
ble to track Pioneer 6 throughout its
orbit around the sun (). A closed-loop
polarimeter (2) was developed so that
the orientation of the polarization could
be automatically tracked. The tech-
nique not only maximized the received
signal strength but yielded precise data
on polarization as well,

Figure 1 shows a projection of the

position of Pioneer 6 on the plane per-
pendicular to the sun-earth line. As the
line of sight between the earth and the
probe approached the sun, the telem-
etry signal passed through increas-
ingly denser regions of the solar corona.
Since the linearly polarized high-gain
antenna of the spacecraft was spin-
stabilized with respect to the plane of
the ecliptic, it was possible to measure
rotation of the plane of polarization
produced by the interaction of the
microwave signal with the magnetized
plasma of the propagation medium.
The polarization measurements be-
came increasingly difficult as the sun-
earth-probe angle decreased. This was

duc both to the increasc in system tem-
perature from solar microwave radin-
tion and to the spectral broadening of
the carricr produced by distortion in
the solar corona. Measurements of
polarization angle with the automatic
tracking system commenced 26 Octo-
ber 1968 and continued during the
viewing periods at Goldstone (Califor-
nia) until 16 November when the signal-
to-noise ratio detcriorated below the
useful level. From 21 November
through 24 November 1968, Pioncer 6
was geometrically occulted by the
photosphere. The signal was reac-
quired on 29 November, and the cx-
periment was continued until 8 Decem-
ber when the station was assigned to
the Apollo 8 mission. .
A magnetoionic medium appears
doubly refracting to radio waves; thus
a linearly polarized signal is split into
characteristic elliptically polarized com-
ponents with different phase velocities.
At the down-link frequency of Pioneer
6 {2.292 Ghz) these generally elliptical
components can be considered circular.
The relative phase shift suffered by
these two components caused the plune
of polarization of the resultant linear
signal to be rotated with respect to the
incident polarization. (3). The Faraday
rotation © (in rotations) is given by

L
1 éc
Q= promc '—an‘, .!H(S)N(S) ds

where e is the charge on an electron
(1.6 X 10—20 in centimeter-gram-second.
units), ¢ is the velocity of light (3 x
101¢ cm/sec), H(s) is the component of
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the magnetic fickl along the line of
sight at 5 (in gaussy, N is the number
of electrons per cubic centimeter at
point &, mr is the mass of an electron
8.1 X 10— g), f is the frequency of
the radio waves in hertz, and L is the
path length of the ray in centimeters.

Rotation can be expressed in terms
of the integrated product of the col-
umnar clectron content and the mag-
netic-field component. At the Pionecer
& down-link frequency, 1° of rotation
is produced by 3910 eclectron-
gauss/em?,

The polarimeter angle was digitally
recorded every 10 scconds during ac-
tual observation. These data were trans-
formed 10 an angle with respect to the
plane of the ecliptic. Initially, a nomi-
nal 30-second time constant was used
in the servo loop. The data from 26
through 29 October 1968 are shown in
Fig. 2. In this figure, polarization angle
is presented as a function of time for
abservations of Pioneers 6, 7, and 8.
Each point is an average of 20 mea-
surements for 200-second averaging.
The most conspicuous feature of this
graph is the diurnal variation due te
the earth’s ionosphere. The ranges of
Pioncers 6, 7, and 8 (in astronomical
units}) were approximately 1.9, 1.2, and
0.4, respectively, The relative scatter
of measurements increases with fa-
creasing range from the earth, thereby
reducing the signal-to-noise ratio, In
the case of Pioneer G, the line of sight
of the spacecraft was approximately
15 solar radii from the center of the
sun; thus, there was also a slight in-
crease in the noise temperature of the
system due to microwave thermal radi-
ation in the side lobes of the antenna.

In Fig. 3 polarization is plotted as a
function of time for 4 November 1968.
One measurement point for every 10-
second period is shown. A time constant
for the servo loop of 30 seconds was
used. This polarization transient {la-
'\\heled A in Fig. 1) occurred at a dis-
tance of 10L% solar radii from the cen-
ter of the sun. The next polarization
transicnt was observed on 8 November
(Fig, 4). The servo time constant had
been increased to 300 seconds. This
transient (tabeted B in Fig. 1) occurred
8.6 solar radii from the solar center.
The last observed polarization transient
(Fig. 5} occurred 12 November. Un-
fortunately, there was a loss of data
during the first 45 minutes of this
teansient as a vesult of operationat prob-
lems. This transient (labeled € in Fig.
1} occurred at o distunee of 6.2 solur
radii.

3F OCTOBER 1969

In the first two cvents, the hase linc
is approximately $7°. The positive di-
rection of the base line above 90° can
be interpreted as due primarily to the
earth’s ionosphere, with inlcraction be-
tween electrons and the [engitudinnl
components of the magnetic ficld of

the earth. Any increase in the electron
conicnt of the ionosphere would cause
an increase in polarization angle; a de-
crease in the number of electrons could
not reduce the angle below 90°, In
order to produce the phenomens ob-
served, there must have occurred cither
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Tahle 1. Cerrelution of Faraduy  rofation
transients asd radio bursts in the dekametric
Fange.

Prekametric Veloeity
noise burst® Intensityt (10° X km/
(LT} sec)

4 November 1968 (1700 U.T.)
(10.9 solar radii from solar centor)

1244 .45
1305 49
1457 2 93
1502 2 97
1522 2 1.17

& November 1968 (1730 U.T.)
(8.6 solar radit from solar cenier)

1631 3 .49

12 November 1968 (1900 U.T.)
(6.2 solar radii from solar cenier)

1643 3 0.44
1647 2 A3
1726 ) 64
1746 3 .82

* All bursts In the dekamelric range were of
iype 1IL 1 Intensity scale: 3 >2> 1,

a change in the sign of the particles in
the ionosphere or a Jarge concentration
of electrons in a region where the
longitudinal component of the mag-
netic field is in the opposite direction
to the magnetic field of the earth. These
considerations demonstrate that the
phenomena were produced by plasma
near the sun.

In the third event, the base line was
approximately 87°, The reason for the
change in base line appecars to be an
increase int the steady-state plasma den-
sity and magnetic field as the line of
sight approached the sun. At the same
time that these polarization measure-
ments were being made, Goldstein (¢}
was using the same antenna to measure
spectral broadening. Enhanced spectral
broadening was observed during all
three of the Faraday rotation tran-
sients. Enhancement of spectral broad-
ening is consistent with an increase in
the turbulence and density of the
coronal portion of the line of sight.

Two possible explanations for the
observed transient polarization eflects
are {i} a quasi-stationary structurc
which is probed as the Hne of sight is
swept through, or (i} a moving plasma
concentration which is ejected by the
sun. If we assume that we are secing
fairly stationary objects, then we can
determine one dimcnsion of these ob-
jects in terms of the time it fook to
sweep through them. Since the dara-
tion of cach event was approximately
2 hours and the velocity of the line of
sight relative to the plane containing
the sun was approximately half a solar
raddius per duy, the dimensions of these
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objects are of the order of 0,04 solar
radius, If, on (he other hand, we were
observing a high-velocity concentration
of plasma ejected from the sun, we
would expect to find corrclation with
surface effects. On the 3 days that these
transients were observed, there were
active arcas observed near the west
limb where the observations were made.
Thesc areas were observed (5) by means
of several mapping surveys at different
radio frequencies. The events were
poorly correlatéd with optical flares.
However, in each case it appears that
noise-burst events in the dekametric
wavelength region preceded these tran-
sient Faraday rotation phenomena. On
& November, the only events in the
dekametric range that were reported
prior to the Faraday rotation transient
occurred between 1631 and 1632
and were classified, respectively, as
intensity 1 and 3. On both 4 and 12
November there were many bursts. All
bursts with waveleagths in the deka-
metric range which occurred within 11
hours before the Faraday rotation
transient arc listed in Table 1 along
with the reported intensity (where avail-
able), Furthermore, we have calculated
the velocity that the plasma clouds must
have had if they were produced by the
same mechanism that produced the
noise bursts in the dekameteric rangs
(Table 1),

Unfortunately, the locations of the
oripins of these noise bursts in the
dekametric range on the photosphere
were not known, Only three transicats
were observed in a period of high solar
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activity; thus the significance of the
correlatich with noisc bursts is nat
known at this time. An cllort is being
made 1o sce if other solar and inter-
planctary phenomena can be correlated
with the Faruday rotation transients.
G. 8. Levy, T, Sato
B. L. Smwoer, C, T, STELZRIED
Jet Propulsion Laboratory,
California Institute of Technology,
Pasadena 91103
J. E. Outson, W. V., T, Rusch
Department of Electric Engineering,
University of Southern California,
Los Angeles 90007
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Superior Conjunction of Pioneer 6

Abstract, Spectrograms of the radio signals from Pioneer 6 were taken as the
spacecraft was occulted by the sun, The spectral bandwidths increased slowly ar
first, then very rapidly at 1 degree from the sun. In addition, six solar “events”
produced marked increases of bandwidth lasting for several hours, The received
signal power seemed unaffected by the solar corona,

The remarkable lifetime of the Pio-
neer 6 spacecraft, still operating 3.5
years after launch, has provided us with
a rare opportunity to examine the solar
corona. Pioneer 6 was injected into solar
orbit 16 December 1965 and ever since
has reliably transmitted to earth by 8-
band telemetry the results of its scientific
experiments. Last November Pioneer 6
traveled directly behind the sun so that
the telemetry signals passed throngh the
interesting regions of the corona.

The carona is a very diflicull object
to study, The best data have heen ob-

tained only during the rare event of a
total solar eclipse. Recently, radio astron.
omers have observed the scintillation
of radio stars as they pass behind the
sun, in.order to draw conclusions about
the corona. Radio stars are wide-hand
sources of radintion, and scintillation
can be thought of as a manifestation of
muitipath phenomena. The Pioncer 6
signals, on the other hand, were ex-
tremely narrow-band  (monockromatic)
and give information of an ¢ntirely dif-
ferent kind about the corona.

During .the superior conjunction of
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Fig, 1 (left). Block diagram of the experimental system. Fig, 2 (right). Angles made by Pioncer 6, the earth, and the sun as a func-

tion of date.

Pioneer 6 we observed the spectrum of
the signal and its broadening as the rays
passed close to the sun. We observed
also a short-term (several hours)} broad-
ening of the spectra indoced by certain
solar events. During our measurements
of the spectra of the signals, the direc-
tion of the polarization of the waves was
mounitored by Levy and his group (1),
They observed Faraday rotation of the
polarization which correlated strongly
with the same events.

Pioneer 6 normaily transmits telemetry
composed of a spectrally pure carrier
wave plus a set of modulation side
bands. In our experiment, only the car-
rier wave (nominally at 2295 Mhz) was
observed. The side bands, separated from
the carrier wave by multiples of 2 khz,
were removed by fltering.

A functional block diagram of the
experiment is shown in Fig. f. The 210-
foot {64-m) antenna of the jet Propul-
sion Laboratory was used, This remark-
able antenna has a beam width of only
0.14 degree at 2300 Mhz (S-hand).
Such a narrow beam widih was neces-
sary for this experiment in order that
we might be able to discriminate be-
tween the signal and the powerful radio
noise emitted by the sun, Normally, the
antenna-Teceiver system is extremelv sen-
sitive, having an equivalent noise tem-
perature of only 25° K. As the angle
made by Pioncer 6, the earth, and the
sun diminished, the systeni temperature
rose, until at 1 degree the temperature
was between 200° and 300°K. The sig-
nal disappeared when this angle was less
than 1 degree, apparently an effect of
the corona. The signal-lo-noise ratio
would still have been adeguate for de-
tection at smaller angles.

Because of the orbital velocities of
Pioneer 6 and the earth, the Doppler
frequency of the signal shifted on the
order of several hundred kilohertz. In
addition, the earth’s spin imparted an
additional Daoppler shift of 15 khz per
day. In order to compensate for these
effects, the receiver was tuncd con-

31 OCTORER 1949

tinuously sccording to an- ephemeris,
This automatic tuning was aceurate to
0.05 bhz.

A slight frequency instability re-
mained, duc to the spacecraft oscillator,
A slow drift of 14 hz/day, presumably
of thermal origin, was observed. In addi-
tion, a more erratic drift of up 1o 1 or
2 hz per 15 minutes was observed,

The frequency band which was ob-
served, 100 hz, was the same for each
spectrogram taken, This bandwidth was
defined by a filter at the last stage of
the receiver. A small computer (Scien-
tific Data Systems model 920}, pro-
grammed with a version of the fast
Fourier transform, produced all of the
spectrograms on-line. Each group of
1024 samples of the signal wave form

8 Novemnber 1968

was transformed to produce 52 points
on the spectrum; this resulted in a fre-
quency resolution of 0.2 hz over the
100-hz bandwidth, Averaged spectra
were displayed on an x-y plotter and
stored on punched tape for further proc-
essing,

Data were taken almost daily from
31 October to 8 December 1968. During
that time, Pioneer 6 passed from an
angular distance from the sun of 3.5 de-
grees, through geometric occultation, to
a position 2.5 degrees on the other side
of the sun. Figure 2 shows the angle
made by Pioneer 6, the earth, and the
sun during the time of interest,

All of the data were collected in the
form of spectrograms. Each spectro-
gram is the result of about 15 minutes of

18:45 A
18:27 /ﬂ\\u
18:10 m

17:01

16:41

-50

+50

Frequency (hz)

Fig. 3. Sample spectrograms iaken on 8 November 1968, showing the effects of a
solar event. Fach spectropram fs the result of 15 minutes of averaging time.
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Table 1. Times of obscreation,

(?9‘3&) Time Event

10/31 1400-2300 MNone

1172 2211-2300 Event 2244

11/3 1622-1815, 1900-19540 None

11/4 1540-1645, 1840-1927 Event 1555-1645

11/5 1606-1720, 2104-2248 Mone

11/6 1635-1913 None

1177 2110-2145 None

11/8 1641-2100 Event peak 1800

1149 1653-17(8, 174E-1940 Noae

11/10 1557-1817 None

11711 16241915 Event peak 1707: gradual reduction to 1915
11212 16132185 Eveats 1804-2105; peak at 1960
11713 1640-2236 None

11/14 16481500, 19102050 None

11715 1717-1915, 2023-2354 None

11/16 1538-1731 None, but ro signal found 19232232
11/17 1539-1635 None

11/29 1747-1850, 1920-2100 None

11730 1539-2005, 2130-2350 None

1271 15331923, 2054-2204 None

1272 1536-1751 None

1273 15341860 Event peak 1700; gradual taper-off
1274 1619-1800 Minor peak 1630; pradual 1aper-oft
1245 1555-1745 Minor peak 1750

12/6 1633-1800 None

£2/7 15471800 None

1278 16001800 None

observation. The actual schedule of ob-
servations each day was variable, de-
pending on conflicting demands for the
antenna as well as the results of the
spectral measurcments. During the oc-
casions of unusuai spectral activity, more
observing time was made available. No
data were taken when Pioncer 6 was
closer than 1 degree from the sun as
the signals there were not defectable, All
together, over 450 spectrograms were
taken during the experiment.

Each spectrogram was processed to
provide three parameters of interest: sig-
nal power, center frequency, and band-
width, The actual quantity measured
P(f) is the sum of the signal spectrum
§(f} and the noise spectrum N (as-
sumed to be flat), both having passed
through the system filter H{f)

P = [SU) + NI H(D
Thus the first task in the data reduction
was the subtraction of the noise spec-

trum and the removal of the effects of
the system filter. To accomplish (hi, a
calibration spectrum Q(f) was measured,
inwhich only system noise was measured
with the receiver oflset from the signal

Q) = aN H(f)

where a accounts for a possible change
in system gain.

It can be scen from the equations
ahave that

S/N=
gy [ Poisrom [P —1
(o} oy

where C is an interval which con-
tains no signal, We nsed the first quarter
Plus the last quarter of the spectrum for
this interval,

Signal power P, was obtained by in-
tegration of the spectrum over the band-
width and removal of the normalization

where & is the Boltzmann constant and
T is the systern temperalure, was mea-
sured separately by reference to a stand-
ard noise source, The measurement of
P, produced considerable scatter (=2
db) caused primarily by the widely fluc-
tuating system temperature. Minor side
lobes of the antenna would rotate across
the disk of the sun and cause tempera-

501 . ~400
a X « Bandwidth
= A s Power
28 a Center frequency
2012 2 o B8, ~300 _
E 4, £
= | & A T Y B
= e 0 o 2.9 L2
=, b3 g8 g s ¢ 3 2 &N8 ©
=304 ,° ¢ 8 egg§38§§ R R —200§
= L83 & 3 . ° ° . 3 o : 8 o
S Vo 3 ° o oo g i 8 £
= 2 [} —
S = 8
mopd 8 —~100 €
= 3
o e
...: & . !
] g - - ;
104 & ) : a -0
1 - . ; ‘: LIS A
» - L - A A
. L] . a L z -
! ; " s t ! ] [ 4 H ; .
LSRR Y S AL TR 1 1 1 L 1 1 t ' 1 ' : "l'l_,]_oo
2 4 6 & 1012 14 16 18 20 22 24 26 28 30 2 4 6
November 1968 December
Fig. 4. Bandwidth, center frequency, and power of the Pioncer 6 sipnals us & function of dale.
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ture variations of up to several hundred
dogrees,

The cenler frequency f, of each spec-
trum was cstimated as that frequency
which splits the reccived pewer into
equal halves; that is

i, 100
f S(df = f Sty
Q fa

The bandwidth B of each spectrum
was estimated, similarly, as that band
which contains the central half of the
signal power

Ho-

f S()df = 174 P,
0

100

[ sthar=31ar,
ji
B foe fy

Figure 3 is a sequence of spectro-
grams taken on 8 November when Pig-
neer § was 2.4 degrees away from the
sun and approaching the sun, This fig-
ure shows the eflect of increased turbu-
lence in the corona, presumably caused
by some solar “event.” The effects lasted
several hours, the decay being much
slower than the onset. Only six such
eveats were obscrved. Most of the spec-
tra were constant, showing only a slow
thermal drift of the spacecraft fre-
quency.

The results of the experiment are
summarized in Fig. 4, where the band-
width and power of each spectrum are
plotted against the date. The average
center frequency for each day is also
plotted.

Two separate phenomena are mani-
fested in Fig, 4, The first is the occa-
sional marked increase in Landwidth
caused by the solar eveats mentioned
above. The second is a background band-
width of about 1 hz, due to frequency
instabilities of the system, which ap-
peared when Pioneer 6 was far from
the sur. This component increased slow-
ly as the rays penetrated mote deeply
into the corona. Finally, the bandwidth
increased very rapidly at about 1 degree
from the sun, just before the signal dis-
appeared. The effect is as though the
solar radius were 1 degree at S-band.

The measurements of power do not
seem to correlate with those of band-
width. In particular, the power fluctug-
tions do not correspond to 1he sudden
increases in bandwidth induced by the
solar cvents, Although there is consider-
able scalter associatcd with the power
estimates, they are on the whole rela-

31 OCTOBER 1964

tively constant througheul the experi-
ment, The only exception would be the
2 days at 1 degree when the power ap-
pears to be somewhat simaller.

The nature of the solar cvents is not
known, They do not appear to correlute
well with solar flares or with the ap-
parition of sunspots on the ‘solay limb
or with the S-band solar flux. They may
be the result of streamers sweepin
across the line of sight. '

In the hope of establishing a correla-
tion of the spectral broadeaing with
other solar phenomena, I present in
Table 1 the times and durations of the
observed events, Table 1 also gives the
times when spectrograms were taken
but no events were observed, A full set
of spectrograms will soon be availabie
.

R. M. GOLDSTEIN
Jet Propulsion Laboratory, Cadlifornia
Institute of Technology, Pasadena
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3, This paper presents the results of one phase
of rescarch carried out at the Jet Propulsion
Laboralory, California Instituie of Techaology,
under NASA contract No, NAS 7-100,
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"Interplanetary Magnetic Field Measurements October 24, 1968 - November 23, 1968"

by

Worman F, Ness and K. W. Behannon
Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland

[ The following figures and table were kindly supplied by Dr. Ness and his colleagues. The compiler
has prepared the accompanying text from their description of the data.]

The interplanetary magnetic field measurements during October 24 through November 23, 1968, as
recorded by Explorer 35 in lunar orbit, are presented in Fig. 1 and the Table. Because of the inter-
planetary disturbance arcund November 1, it has not been possible to identify with certainty the pas-
sage of Explorer 35 through the bow shock into the magnetosheath. The first contact with the shock
may have been as early as October 30 at arcund 2300 UT. Since the major interest of this data com-
pilation is in the interplanmetary disturbance variations during this period, and since at the orbital
distance of Explorer 35 the magnetosheath field is not greatly differenmt from the interplanetary field
in its gross features, data are included up to the hour of first contact with the magnetopause. Data
during passage through the tail and traversal of the magnetosheath on the dawn side have been excluded.
In addition the hours during passage of Explorer 35 through the lunar wake (twice each day) have been
excluded since the wake field is generally different from the undisturbed interplanetary field.

The definitions of the values plotted and table column headings are as follows:

F = FHAV and AVF values (the darker lines are FHAV -- the values can be identified by
using the table below)

0 = THAV

Solar ecliptic (SE) latitude ( + north, - south)

® = PHAV = Solar ecliptic (SE) lomgitude ( 0° towards sun, 90° east, 180° away from sun)

RAD = Radial distance of spacecraft in earth radii (all trajectory data correspond to
position of spacecraft at the center point of the hour)

XBE = Solar ecliptic X-coordinate of spacecraft

¥SE = Solar ecliptic ¥-coordinate of spacecraft
ZSE = Solar ecliptic Z-coordinate of spacecraft
YR = Year of data

DAY = Day of data on card (Jan. 1 = Day 000) --- Day 300 to Day 327 represent October 27,
1968 - November 23, 1968)

HR = Hour of data im UT
FHAV = Hourly average field magnitude (to 0.1 gamma)
THAV = Hourly average Bep (te nearest degree)
PHAV = Hourly average ¢gp (to nearest degree)
XEHAV = Hourly average BXgp (X-component of field to 0.1 gamma)
YEHAV = Hourly average BYgp (Y-component of field to 0.1 gamma)

ZEHAV = Hourly average BZg; (Z-component of field to 0.1 gamma)

XRMS = Standard deviation of BX (to 0.1 gamma)
YRMS = Standard deviation of BY (to 0.1 gamma)
ZRMS = Standard deviation of BZ (to 0,1 gamma)
AVF = Field magnitude computed from hourly average field compoments,
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PHAV XEHAV YEHAV ZEHAV XRMS YRMS ZRMS AVF

The data for the intermediate hours can be requested

hysics or from Dr. Ness.

TABLE T
Z8E YR DAY HR  FHAV THAV

The table has been prepared from a punched card listing by selecting the values for 00 UT and
YSE

12 UT (or nearest to these times) for each day,

from World Data Center A - Upper Atmosphere Geop
XSE
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Explorer 35
Day 300 -~ Day 327
October 27 - November 23, 1968

o LA

FHAV

0

-80 { R I !
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iy [ i l
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Fig. 1. Hourly average field magnitude and field magnitude computed from hourly average

field components, hourly average solar ecliptic latitude and bourly average solar

ecliptie longitude as observed by Explorer 35.
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9. (COSMIC RAYS

"Events of October 28 to November 21, 1968"

by

John F. Steljes
Atomic Energy of Canada Limited
Chalk River, Omtaric, Canada

Graphs of the cosmic ray neutron monitor stations operated in cooperatiom with Atomic Energy of
Canada Limited have been plotted for the period October 28 to November 21, 1968 in Figure 1. The
graphs are plotted as a percentage of the maximum rate attained during IQSY (actually the average
for May 1965), if the station was operating at that time and as an estimated percentage if it was
not. The vertical scale is 5 percent per division. The graphs are spaced an integral number of di-
visions apart so that adjacent graphs do not intersect. The percentage nearest the beginming of
each graph is printed at the left hand side and the abbreviated station name at the right hand side.

The stations plotted are as follows:

Station Country Cutoff GV
Chacaltaya CHAC Bolivia 13.10
Kula, Hawaii KULA U.8.A. 13.30
Alert ALERT Canada 0,05
Deep River D.R. Canada 1,02
Goose Bay G.B, Canada 0.52
Inuvik INUV Canada 0.18
Resolute RES Canada 0
Sulphur Mountain S.M. Canada 1.14

The cosmogram is a projection of the cosmic ray intensity as a function of the spatial angle
and time. The anti-solar direction is taken as 0° and the angle increases in the direction of rota-
tion of the earth. The "garden-hose’ angle lies between 90° and 180°,

The vertical thickness is proportiomal to the cosmic ray intensity, zero thickness being equal
to the lowest intensity attained by any station during the entire period covered by the cosmograms,
A scale of percent is given at the left hand lower corner. Time runs diagonally from the top right
to the bottom left of the figure and there is a 12 hour overlap between the adjacent cosmograms,

Figure 2 starts at 1800 UT on October 28 at the top of the upper cosmogram and ends at 0600 UT
on November 6, 1968 at the bottom of the lower cosmogram. Because of the large decrease on October
29, the upper cosmogram is plotted using half the vertical scale of the others. Part of the top of
the second cosmogram (where it overlaps the first) is hidden by the near edge.

The paths of the stations are lines extending vertically downwards as is described in a previ-
ous publication. These paths have been omitted here because of the small size of the cosmograms,

The stations used are as follows:

Station Operated by Asymptotic angle
Oulu Finland 4.3 hours
Tixie U.8.8.R. 10,66
Inuvik Canada 15.70
Churchill, Canada U.S.A, 19.01
Goose Bay Canada 22,43

The stations are those of the "Northern Ring', five in 2ll, and the angles between them are
filled in by linear interpolation between simultaneous readings at each station. This type of inter-
polation is valid if the event is assumed to occur simultaneously at each station as is the case with
a Forbush decrease. Each interpolation is judged to be valid for am angle of 30° (2 hours) on each
side of the station (after rounding off to the nearest hour). If the separation is greater than
this, the intervening portion of the cosmogram is dotted. One dotted portion occurs over Reykjavik
and the other over Noril'sk, 1U.5.5.R.

After interpolation, the data are passed through a triamgular filter in the time direction,
having weights 1, 2, 3, 2, 1 (operating on hourly values) in order to reduce statistical fluctua-
tions.
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"Editorial Comments on Cosmic Ray Data Available at World Data Center A, Upper Atmosphere Geophysics!'

by

J. Virginia Lincoln
World Data Cemter A - Upper Atmosphere Geophysics
ESSA Research Lzboratories, Boulder, Colorado

Special contributions of cosmic ray data have been made in addition to the usual daily-hourly
tabulations sent to World Data Center A, Upper Atmosphere Geophysics.

G. Milleret of the Laboratoire de Physique Cosmique, Verriéres, France has supplied 15 minute
corrected tabular values from October 28 to November 6, 1968 for the neutron monitor stations of
Pic du Midi and Kerguelen, and graphs of heurly corrected values from October 17 to November 15,
1968.

M. Galli of the Istituto di Fisica '"A. Righi" of the University of Bologna, Italy sent data
from the scintillation detector of the IGC Cosmic Ray Station Bologna B-237 for October 26 through
November 20, 1968.

Prof. J. Van Mieghem supplied the hourly neutron monitor 9 WM 64 counts and air pressure val-
ues for October 27 through November 5, 1968 from Dourbes.

G. Valas, Central Research Institute for Physics of the Hungarian Academy of Sciences, sent
the Budapest underground meson telescope data and corresponding 200 mb metecrological data for
October 25 through November 7, 1968. The telescopes are a semi-cubical vertical one, and narrow-
angle inclined ones.

228




10. GEOMAGNETIC DATA

"Geomagnetic Indices"
by

J. Virginia Lincoln
ESSA Research Laboratories, Boulder, Colorado

The musical note diagram of Kp and the C9 figures as published by IAGA for 1968 reproduced
1968 was the greatest of the

below indicate that the storm period of October 29 - November 4,
year, but did not reach the magnitude of the storm period of May 25-31, 1967.
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The Kp and Ap indices were as follows:

1968 Kp Ap
Oct, 27 3~ 1+ 3- lo 20 lo 1- 1lo [
28 1+ 0o 20 0+ lo 1~ 1- 3+ 5
29 3+ 3+ 3- 34 50 6o 6- 4+ 37 D
30 3- 24+ 1+ &= 4o 3- 3- &- 15
31 5- 4+ 50 74+ 80 Bo 7o 6o 112 D
Nov. 1 5+ 30 3- 60 B+ 8¢ 70 8+ 122 D
2 8~ 7+ 6- 5« 50 50 4o 6+ 82 D
3 7« bt 44 3~ 5= 4+ 3- 3 33 ]
4 30 4o 4+ 40 5- 30 50 3- 27 D
5 0+ 2+ 20 1+ 24 0+ 20 20 6
6 1- 1o 1~ lo 1lo 14 2+ 4- 7

According to TAGA the storm sudden commencements (ssc) were:

October 28, 2132 UT from 12 statiomns

Octeber 29, 0909 UT from 50 statioms (ssc; 46[A:26; B20]; si: 3; sfe:NI)
October 30, 0838 UT from 2 statioms

October 31, 0859 UT from 35 stations (ssc: 32[A:17; B:l13; C:2] sit 2; pi 2: 1)
November 1, 0916 UT from 30 stations (ssc: 29[ A:12; B:15; C:2] si: 1)
November 1, 1206 UT from 3 stations

Kovember 5, 0639 UT from 2 stations.
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"On the Solar and Geomagnetic Events of October - November 1968"

by

M. C. Ballario
Osservatorio Astrofisico Arcetri

Introduction

In examining the Special Events of March 1966 [Ballario 1969a)] we have found that the recorded
geomagnetic disturbances and other terrestrial phenomena (aurorae, ionospheric F-layer disturbances,
absorption) were due to different causes:

a) the CMP of particular recurrent plages, labelled positive plages;
b) the occcurrence of particular flares, primarily proton flares.

Plages - For positive plages we mean the plages of low or moderate activity which before the meridian
transit are never associated with spot-groups type C ox greater. Their OMPs are generally correlated
with geomagnetic disturbances and other terrestrial phenomena. Particularly interesting are the
recurrent active regions which before and during the meridian tramsit do not show chromospheric-
photospheric phemomena, or only very small plages, and reveal themselves in the western hemisphere
(labelled pa plages). Their CMPs are also correlated with geomagnetic disturbances [Ballario
1967-1969b1.

On the contrary the recurrent plages of high activity associated before the meridian transit
with spot-groups type C or greater, show "Sunspot negative effect" and their CMPs, as well as the
CMPs in the subsequent rotations, are gemerally followed by quiet or slightly disturbed geomagnetic
conditions (negative plages).

Also the non-recurrent plages are geomagnetically negative plages [Ballario 1967].

Thus during a year of minimum solar activity, like 1964, in the absence of big importance
2 or 3 flares, the recorded geomagnetic disturbances are generally correlated with the CMPs of
positive plages [Ballario 1967]. In particular the geomagnetic storms and other terrestrial
disturbances recorded when the Sun is completely quiet, are often correlated with the CMPs of
recurrent pa plages rising in the western hemisphere some days later. These regions although not
visible during the meridian transit are geomagnetically active and might be identified with the
so-called "M solar regions" [Ballario 1969b].

Exceptions, described in detail in a previous paper [Ballario 196%a], to the positive and
negative geomagnetic effects of the CMPs of positive and negative plages, may occur. However none
of them are observed during the period under-examination; Oct, 23 - Nov. 30, 1968,

Flares ~ It is well known that not every flare of importance 2 or 3, even if a proton flare, is
followed by geomagnetic disturbance.

In a general survey of the flares recorded during the year 1968, we have found that only 19
of the 51 observed importance 2-3 flares are followed by geomagnetic storms. having the Kp maximum
value »5+; 8 are followed by geomagnetic disturbances with Kp max 4+ or 5 and the others by
fluctuations or by quiet and very quiet geomagnetic conditions (time delay 1-2 days).

We have to add that many of these storms and disturbances are also correlated with CMPs of
positive plages.

The characteristics of the flares which are correlated with geomagnetic storms are not at
present completely defined.

In a research in progress we try to obtain some other indications on these characteristics,
bearing in mind that a flare may be judged entirely responsible for the subsequent storm only
when there are mo CMPs of positive plages correlated with the storm itself. Thus, according to
our hypotheses, in order to interpret the behaviour of the Kp geomagnetic index during a year of
high solar activity it is necessary to take into consideration both the CMPs of positive plages
and the occurrence of particular flares,

On the basis of these data we shall examine the solar and geomagnetic phenomena recorded during
the proposed period.

The events of October 27 ~ November 1968.

We have taken into consideration a more extended period: October 23 - November 30 in ordexr to
compare the solar phencmena occurring in correlation with very quiet or very disturbed geomagnetic

conditions.
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In Fig. 1 are given:

A) The CMPs of all the recurrent and non-recurrent plages observed in this period, as given in

the McMath calecium plage list are presented in Table 1.

Table 1

Characteristics of plages recorded during the period Oct. 23 - Wov. 30, 1968

MeMath Data
1968 MeMath |Return Characteristices Remarks
Lat. | plage of Age

CMP number {Region {(Fraunhofer solar maps)

Oct.

23.9 | N17 9735 (5) 2&3 | recurrent negative ; asscociated with eastern E groups
25.9 | s1e 9739 New 1 rac. " Eastern H groups
26,4 | W04 9752 New 1 non-rec. " : —

27.1 | ¥19 9741 9687 3 rec. " C,D groups in the preceding rotation
28.1 | N13 9762 New 1 non-rec. " -

28.4 | 815 9740 9692 3 rec, " Eastern D groups
30.0 | 824 9745 New 1 non-rec. " -
30.7 | w28 9744 97I0(3)| 2 rec., " C,D groups in the preceding rotation
31.5 | 827 9750 New 1 non-rec. " ——
Nov.
1.0 | NS 9761 New 1 noa-rec. " -
2.0 | W17 9746 9700 6&2 | rec. * E,C,D groups in the preceding rotaticn
9705
2.2 : W05 9747 9701 2 rec. " E groups in the preceding rotation
2.9 | slé 9749 {9724 2 rec, ' Eastern D groups
9725

4.6 | N18 9751 9765 2 rec, " E groups in the preceding rotation

4.8 | 822 9735 New 1 non-rec. " -

4.9 513 9753 New 1 rec. positive | Eastern A,B groups

6.9 | N33 9766 New 1 rec. positive : Rising on Nov. 10 in western hemisphere

7.1 i N35 9756 New 1 non~rec, negative -

7.5 | Nl1 9754 New 1 rec. positive | Eastern A,J groups

7.6 | 523 9767 New 1 non-rec. negative -

7.9 | 809 9757 New 1 non-rec. " -

8.5 { N17 9770 New 1 rec, positive | Probably recurrent at the third tramsit.
Return of the NE part of plage 9660 (map
of Sept, 15) and of the NE part of plage
9723 (map of Oct. 12)

9.5 S24 9759 9717 6 rec. negative | E,G,D groups in the preceding rotations
10.1 | 818 9758 9722 5 rec, n E,D groups in the preceding rotations
11.5 | w18 9760 9736 2 rec, " Eastern H groups
12.4 516 9763 9728 2 rec. " C groups in the preceding rotation
14.4 | S11 9764 9737 2 rec. " Eastern C groups
14.8 | w27 9765 726 2 rec, " Eastern C groups
15.2 | NO2 9774 New 1 non-rec. " -

16.1 | W11 9768 New 1 non-rec. " -

16.1 | N17 9775 New 1 rec. positive | Rising on Nov. 17 in western hemisphere

16.4 7 524 9782 New 1 non-rec. negative -

17.1 | s05 9771 9743 2 rec, " D groups in the preceding rotation

18.3 | s16 9776 9733 3 rec, doubtful | Probably negative as the fourth transit
of plage 9646 associated with western
groups C

18,4 | S14 9773 New 1 non-rec. negative -

19.4 | N13 9772 9735 3 rec, " Eastern C,DI groups

21.8 | 831 9778 New 1 non-rec. " -

22.2 | N15 9779 i9741 284 | rec. " E,D,C groups in the preceding rotations

9735

22,3} 520 9777 9739 2 rec. " H groups in the preceding rotation

25,2 | 518 9780 9740 4 rec. " Eastern D groups

26,8 | s18 9783 New 1 non-rec, " -

27.2 | 807 9785 New 1 rec. " Eastern D,E groups

27.3 | w27 9784(3)| 9744 3 rec. " C groups in the preceding rotations

28.1 | NO7 9787 9747 3 rec. " E groups in the preceding rotations

29.1 | NO4 9789 9747 3 rec. " E groups in the preceding rotations

30.1( S18 9790 9749 3 rec. " D groups in the preceding rotatien

30.2 | N20 9792 9746 3 rec. " E,D,C groups in the preceding rotatioms




MeMath footnotes:
(5) Region 9735 is a return of regions 9678, %683, 9687 and 9690

(3) Region 9784 is a return of region 9744, which was incorrectly identified in last month's
report. It should have been listed as a return of region 9710

B) The CMPs of the recurrent positive plages only. The discrimination between positive and
negative plages depending on the associated spot-group type, is based on the Fraunhofer Institut
solar maps.

C) The Kp geomagnetic index (Bartels map).

D) The importance 2-3 flares and the importance 1 proton flares. The data, deduced from the
Quarterly Bulletin on Solar Activity, are given in Table 2.

Table 2

Importance 2 and 3 flares and importance 1 proton flares
observed during the period Cct. 23 - Nov. 30, 1968

Selar flares (Quarterly Bull. on Solar activity) Geomagnetic storms (Bartels map)
Eggg ﬁ;x. Position | Imp. é;?:, Remarks é;;izs Date Kpuﬁax 521223 Ath Remarks
Oct. Oct.
23 2404 | 168-59%E 2B 9.7 KLU 9740 - - - -
2421
27 1322 | 188-17E 2N 5.3 pA " 29 V1630 6 w51
29 0902 | 145-08W 1B 4.2 LIKUZ " 31 1330 8 52
29 1223 165-12w 2B 7.9 IJKMTZ " 31 n1630 8 w52
1234 Nov.
30 1252 185-26W 2B 7.6 LIROUZ " 1 1330 &+ |48
1346
30 2358 148-374 3B - FHUZ " 1 2230 8+ |46
2412 :
31 2244 | 145-49YW 2B 10.2 FH " 2 V2230 6+ (a7
2302
Nov. - _
1 0843 168474 2N - EHKLWZ " 3 0130 7= |4l
0903
2 0957 155-65W 2B - HKZ " 4 1330 5= W51 ffAlso cor-
1012 i related with
2 1659 20N-26E 2N - GKL 9751 4 2230 5 w53 Mehe CMP of a
1708 ) ) rec, positive
3 1237 | 198-820 2B - | EB 9740 - - - - |plage at 138
12 1426 | O5N-72W 2N - EL 9754 - - - -
18 1035 | 21N-87W 1B - | AmY 9760 20 1330 5. |2l [Revised as
20 0131 | 218-63E iy - U 2780 n12 |proton flare

From Fig. 1 it results that:

1) During the very quiet geomagnetic.period Oct. 23-28 the Sun is very active, but only CMPs of
non-recurrent plages or of recurrent negative plages are recorded (Table 1). The "Sunspot negative
effect" is thus confirmed (Fig. 2a).

2) To the very quiet geomagnetic conditions of the preceding interval, there follows a series of
big geomagnetic storms lasting Oct. 29-Nov. 4. According to the sumspot group types given in the
Fraunhofer maps, there are no CMPs of recurrent positive plages during this period (Table 1 and
Fig, 1B). The storms.are thus entirely due to the cbserved series of importance 2 and 3 flares,
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Fig. 2.- The quiet geomagnetic conditions correlated with the CMPs of recurrent negative plages;

a) at 17 N associated with the spot-group type E31
(McMath data: Neo. 9735 - 17N - CMP: 23.9 Oct.-age 2 & 3)
b) at 07 8

associated with the spot-group type E28

(McMath data: No. 9785 - 078 - CMP: 27.2 Nov.-age 1)

1968 Nov.7

Fig. 3.- The moderate disturbance of Nov. 7 is correlated with the CMP, on Nov. 6.9, of a typical

pa recurrent positive plage rising in the western hemisphere om Nov. 10 at 33N - 47W
(L = 50°), associated with a spot-group type BS5.

{McMath data: No, 9766 — 338 - CMP: 6.9 Nov.-age 1)
The plage at 235 (No. 9767 — CMP: 7.6 Nov.} is a non-recurrent one

235




1968 Nov.1S R=860

‘ﬁ%\mﬁaﬁﬁgﬁw
SNV T 2

Fig. &.- The sc geomagnetic disturbances of Wov. 16-17-18 are correlated with the CMP, on Nov. 16,1
of a typical pa recurrent positive plage at 17N and L = 292°, rising in the western hemi-
sphere on Nov. 17 at 17N - 20W, associated with a spot-group type A4 which changes into
C8 on Nov. 18.

(McMath data: No. 9775 « 17N - CMP: 16.l-age 1)
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Some characteristics of these flares are:

- they belong (except the flare of Nov. 2 at 20N} to the same southern recurrent negative plage
(McMath No. 9740) at its third transit, but we have to note that a resurgence takes place in
this region after the second transit;

= most of them have the remark Z (major spot umbra covered by flare} and three have the double remark
Z and U (protoa flare);

- if we attribute the greatest storms of the series (Nov. l: Kp max at 13 and 22 UT), to the UZ flares
of Oct. 30 {max at 13 and 24 UT) we have a time delay of about two days. (Almost the same time
delay is found for the UZ importance 3 flare of May 23, 1967 and the subsequent geomagnetic storm
of May 25 [Akasofu and Perreault, 1%69]. Onr this assumption other importance 2 and 3 flares of
the series under examination may be related to a Kp maximum occurring sbout two days later (Fig. 1
and Table 2). However, other asgsociations with different time delay may be proposed.

A CMP of a positive plage (McMath No. 9753) occurs on Nov. 4.9. It may be correlated with
the last part of the geomagnetic disturbances.

3) After the West limb passage of region No. 9740, no big flares are recorded umtil Nov. 12, but
geomagnetic disturbances are observed during the period Nov. 6-20. These disturbances are corre-
lated with CMPs of recurrent positive plages (Fig. 1 and Table 1) the most jinteresting of which are
plages No. 9766 at 33N (Fig. 3) and No. 9775 at 17 N (Fig. 4) rising in the western hemisphere, The
positive geomagnetic effects of the (MPs”of the recurrent pa plages is again confirmed.

The importance 2 flare of Nov. 12 is followed by very quiet geompgnetic conditions. On the
contrary the sc geomagnetic disturbance of Nov. 20 may be due to the importance 1 proton flares of
Nov. 18 or/and of Nov. 20, since there are nc correlated CMPs of positive plages.

4) There follows another very quiet geomagnetic interval, Noy, 21-30, during which only CMPs
of negative plages are observed (Table 1, Fig. 1 and Fig. 2b).

Conclusion

The behayiour of the Kp geomagnetic imdex during the period Oct. 23<Nov., 30 may be interpreted
as follows:

- the series of great geomagnetic storms Oct. 29-Noy. 4 is well correlated with a serles of impportance
2 and 3 flares rising in the same negative plage No, 9740 and having mostly the characteristic Z and
UZ. Probably the Kp maxima follow the flare occurrences after about two days. No CMPs of positive
recurrent plages are correlated with the storms.

— The other geomagnetic disturbances are well correlated with CMPs of recurrent positive plages,
some of which rise in the western hemisphere and, at their meridian transit, may be considered as
"M solar regilons".

No big flares are responsible for these geomagnetic disturbances.
- The very quiet or slightly disturbed geomagnetic conditions, recorded when the Sun appears to be
very active (Oct. 24-28) or moderately active (Nov, 21-30), are associated with MPs of negative
plages.

These results are in good agreement with those obtained in examining the solar and terrestrial
phenomena during the year 1964, and for other intervals of 1966 and 1968.

The unlike geomagnetic effects related to plages of different activity haye been also pointed
out by Bumba and Howard. The authors compare the recurrent geophysical disturbances with solar
active regions and with the persistent low-latitude background field pattern in the magnetic fields
on the solar surface and conclude that "around the maximum the geophysical disturbances tend to
avoid active regions and around the minimum they tend to be associated with the zone of moderate
activity" [V. Bumba, R. Howard, 1969].
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"Short Description of Geomagnetic Activities Observed in Greenland During the Events 30 October =~
3 November 1968"

by

K. Lassen
Danish Meteorological Institute, Charlottenlund, Denmark

[The follewing notes were supplied by Dr. Lassen from interpretation of the vecords from the mag-
netometers measuring H, Z and D components at Narssarssuaq (61.2N 45.4W), Godhavn (69.2N 53,5W)
and Thule (76.6N 68.8W). The coordinates are geographic and the times are all UT.)

Magnetic disturbances 30 October - 3 November 1968

Narssarssuag. Activity starts around 2300 on 30 October., Substorm around 0000 on 31 October with
negative bay in H about 500y and positive in Z about 250y. Thereafter the activity increases with
a negative bay in H around 0800 31 QOctober (600} followed by a positive bay in B and a negative
bay 1000-1200 October 31 (120v). On 1 November there is a substorm at 0100-0200 with negative bay
in H (900y) and a negative bay in 2 (600v). Thereafter it is rather quiet until noon. On 1 Novem-
ber there is a SSC at 0917 followed by continuous activity to 1000 on 2 November. On 1 November
there are negative bays in H of about 1000y at 1330 and 1500. WModerate negative bays in H occur on
3 November at 0000-0200 and 0600-0800.

Godhavn. Moderate substorms give negative bays in H on 31 October 0000-0100, 0300-0400 and 0700-
0830, On 1 November there is a moderate substorm at 0200 with a positive bay in Z (negative bay in
Z at Narssarssuaq at the same time). On 1 November there are negative bays in H 1100-1200 (600v)
and 1400 (400v), thereafter slow recovery with several small bays., There is a negative bay at 1400
(1800v) and positive in H at 1430 (1000vy). SSC is seen 1 November at 0917 in H and D. Storm acti-
vity from S3C follows until about 0600 on 2 November. Disturbed conditions occur again from 1700
on 2 November to 0400 on 3 November with substorms at 2200-2300 on 2 November and at 0l00-0230 on 3
November.

Thule. The SSC on 1 November at 0917 is only clearly seen in H. There is SD variation in H and D

after 85C. On 1 November there are negative bays in H at 1100-1330 (500Y) and at 1430-1530 (400v).
There is a positive bay in B at 1330-1430 (300v).
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"Some Specific Features of the Perturbed Period October 27 - November 2, 1968"

by

E. Selzer and J. Roquet
Service et Laboratoire de Magnétisme
et d'Electromagnétisme Terrestres
Institut de Physique du Globe, Paris

In general this period is characterized by an unusual continuity in the display of any kind of
aspect of geomagnetic disturbances. Any detailed report of these ~- as detected by our registrations
in CHAMBON-LA-FORET (and its side-station, of GARCHY, 100 km away) -- would require dozens of pages.
Therefore we will limit our contribution to three very specific particularities which were observed
from October 31 to November 2 which, although having being observed on some other occasions, never
have followed each other, so far, in such a clear intense manner.

The three particular phenomena we are referring to aret
1. Two very isolated (but close to each other) cases of storm pulsations.

2, A very spectacular case of giant pulsation.
3. A very unusual series of a great number of pi 2 + pi 1, TPDP-like events.

We are going to examine these three type of eveats, successively.

Type 1 Storm pulsations events.

By this term "storm pulsation" we refer to some very regular, quite monochronomatic micropul-
sations, of a few seconds in period, which have appeared on a few other occasions in the middle of
the most perturbed and intricate part of a few huge worldlike storms. (Other known cases refer to
the storms of July 8, 1958, and teo the one of July 15, 1959). 1In the present case, these "storm
pulsations" appear in two separated but closely following groups.

The first group from 16.07.50 UT to 16.09.00 UT on October 31 consists of a little more than
20 oscillations (the last omes are lost in the magnetic background noise), is very monochromatic,
of period 3.0 seconds with a regular increase, then decrease of the amplitude after having reached
a maximum amplitude of about 0,35y.

The second group from 16.13.13 UT to 16.14.06 UT on the same day (a little more than 5 minutes
later). There is the same general morphology, same period (3.0 seconds) as for the first group.
The maximum amplitude is a little bigger, about 0.4y.

These two groups have been registered, nearly identically, at the two stations of CHAMBON-LA-
FORET and GARCHY (about 100 km apart) on both magnetic and telluric registrations, K and D for the
magnetics and the two orthogonal directions for the tellurics. The oscillations seem to be Line~
arily polarized (further investigations are in progress)., The study has been confined, so far, to
paper records (30 mm/minute of paper speed), but magnetic tape registrations exist at Chambon.

Examination of similar equatorial records at ADDIS-ABABA distinctly shows these two groups of
pulsations. Other equatorial records gavé.negative results, the traces being strongly perturbed by
regional electric-storm effects. A study on the exact limits of the geographical domain of these
storm pulsations is badly needed.

Type 2 Giant pulsations.

Giant pulsaticns oceur between 2145 and 2300 UT the same day (October 31, 1968), during a 1lull
of the storm. (In fact, the lull extends from 2110 to 0045 on November 1, but the giant pulsations
do not £ill all the duration of this lull)}.

Period: about 7 minutes (not very constant, nor regular)

Amplitude: greater than 10y (will be more exactly determined subsequently).

About same appearance at CHAMBON-LA~FORET and at GARCHY.

Polarization: elliptically polarized (exact determinatiom in ptogress).

Geographical domain: These giant pulsations do not seem to appear on our equatorial records.

A study on the limits of the pgeographical domain of their manifestation
is highly desirable.
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Type 3 Series of IPDP-like events.

These series appear on November I and November 2.

So far, only graphical determinations by direct observations of the wave-form have been made.

Each event consists mainly of two parts: a "SIP-like" event of confused oscillations (with no
distinct periods - a mixture of pi 2 and pi 1) lasting about 3 to 5 minutes, and following this
a pi 1 event of much shorter pericd lasting also a2 few minutes. This double structure, constitutes
the schematic elements of a IPDP event. For a confirmation of this, spectral analyses are needed.
{They are planned for the CHAMBON-LA-FORET records where magnetic-tape registrations of the events
exist).

Because of the inclusion of these successive individual events in the general complexity of the
other kind of perturbations constituting the overall activity of the storm, it has not been easy to
determine the beginning and the closing times of each one of these events. Therefore, the following
list is given here only tentatively.

Event No. I : Between 2210 and 2222 on November 1
IT : " 2227 " 2236 "
IIT : " 2311 " 2317 "
Iv : " 2328 " 2335 M
v 3 " 2357 ' 0002 Nov. 1 to Nov. 2
VI : " 0007 " 0030 on November 2

This list is not exhaustive, but more precise measurements are required. Just as for the other types
of events, the world-domain of these has to be determined. ’
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"Hourly Equatorial Dst TIndices for the Magnetic Storm Eeginning on October 29, 1968"

by

M. Sugiura and 8, J. Cain
Laboratory for Space Physics
Goddard Space Flight Center, Greenbelt, Maryland 20771

The figure presents the hourly equatorial Dst indices for October 16 through November 15, 1968,
The Kp indices for the same period are also plotted on the figure, and the sudden commencements are
indicated.
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"Geomagnetic Disturbances (October 26 -~ November 5, 1968)
Associated with the McMath Plage Region $740"

by

8.1, Akasofu and K. Kawasaki
Geophysical Institute, University of Alaska
College, Alaska 99701

ABSTRACT

Geomagnetic disturbances primarily assoclated with the McMath plage
9740 which traversed the sun during the latter part of October and early
November of 1968 were studied. As the flare-producing plage reglon passed
through the central meridian of the sun from the eastern to the western
limbs, systematic changes in the characteristics of the geomagnetic storms
were observed, although somewhat complicated by the presence of flares pro-
duced by the McMath region 9739.

The magnetic records from a number of low and high latitude stations
widely distributed in longitude are presented for the period of major stoxms.

A series of complex geomagnetic disturbances in the latter part of October and also in the early
part of November 1968 were caused by an active region (McMath Plage region 9740) which was first
observed on October 21 on the eastern limb, passed the central meridian on October 28 and disap-
peared at the western limb about November 4. There is also an indication that some of the distuxb-
ances during this period were caused by other active regioms, such as the McMath Plage region 9739,

October 22 was the quietest day of that month, the Kp indices being 0o, 0o, 0o, 0o, 1-, 0+,
0+, 0+ (£ Kp =2-}. A similar situation also existed in the early half of October 23, the Kp indices
being 0o, COo, O+, O+,

Weak si activity began in the latter half of October 23, with the Kp indices rising to 1-, 1+,
2-, lo. A number of weak si's were recorded during this period and also in the early half of
October 24 (lo, lo, 0+, 1lo). A weak magnetic disturbance began at 1500 UT on October 24 and lasted
until the end of the day; the Kp indices im the latter half of this day were 1+, 3=, 4«, I+. Magnetic
activity on October 25 and in the earlier half of October 26 was also characterized by weak si actiy-
ity; the Kp indices during this period were G+, 20, 20, 3-, 20, lo, 2-, 20, and 1-, 0+, lo, 2-.

Between October 21 and 26, the McMath Plage region 9740 (hereafter abbreviated as the M9740
region) shifted from the eastern limb to about the central meridian distance E25. During this
period, the M9740 region was relatively quiet, although there occurred a few intense flares, such
as those during 2336-0009 UT, October 23/24 and at 2057, October 24.

Fig. 1 shows the H component magnetic records from Honolulu for the period between October 26
and November 5, 1968; the major flares which occurred in the M9739 and M9740 regions are also indi-
cated. The figure also includes major si's during the period under study.

The first magnetic storm assoclated with the M9740 region began at 1833 UT on October 26, with
a distinct ssc. It is likely that either or both solar flares on October 23 and 24 mentioned above
were responsible for the storm. The storms had typical features associated with flares in the
eastern (helio) hemisphere; that is, a distinct ssc and an initial phase with a very weak main
phase [Akasofu and Yoshida, 1967; Akasofu, Perreault and Yoshida, 1969]. The storm ended by 09 ©OT
on October 27 and was followed by a quiet period which lasted for more than 24 hours.

During the period when the M9740 region was located near the central meridian and west of it,
it became quite active and produced a number of intense solar flares, They are indicated in Fig. 1.

It seems quite likely that the second storm was assoclated with the flare which occurxred at
1240 UT on October 27. The M9740 region was at 515, E19 at that time. Again, the storm had
characteristics of being associated with an eastern flare. It began with a distinect ssc and
initial phase, without a significant main phase,

The third storm began with a doumble ssc which occurred at 0640 and 0909 UT on October 29;
howevex, only the latter ssc is reported in Solar-Geophysical Data. The storm had all the majox
characteristics of being associated with a western flare. It exhibited very intenmse si activity
which lasted for more than 12 hours and which was then followed by a relatively weak main phase.
Some other such examples were discussed by Akasofu, Perreault and Yoshida [1969]. It is suggested
that the flare at 0200 UT on October 28 in the M9739 was responsible for the storm. This particular
region was located at 519 W29 at that time.
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Fig. 1. The H component magnetic record from Honolulu for the pericd between October 26 and
November 5. The McMath Plage region 9740 was facing the earth during this period.
The oceurrence times of the major solar flares (importance greater than 2) and their
inferred asscciation with the corresponding geomagnetic storms are indicated. The
major si's are indicated by arrows and reported ssc's by triangles over arrows.

244




In order to show details of the development of the storm, Fig. 2a shows a collection of magnetic
records from six low latitude stations which are distributed in all longitudes, and Fig. 2b shows
the collection of the records from six high latitude stations. Unfortunately, magnetic records from
8iberia were not available during the preparation of the paper. However, it may be inferred from
Fig. 2b that there occurred at least two major polar substorms during the storm, one a little after
16 UT and the other at about 20 UT. A weak brief main phase developed during the first substorm.
Also it was greatly asymmetric and was most intense in the afternoon and the evening sectors (see
the Tashkent, M'Bour and San Juan records), but there was only a little indication of it in the
early morning sector (see the Honolulu and Kakioka records). The substorm subsided by 19 UT; the
main phase was also recovering at that time. A complex series of si activity began at about 1930 UT
which was then followed by another weak main phase depression (Fig. 2a)., The second substorm took
place during this period.
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[} | 1 ! 1 | 1 1 1 1 | 1 J

06 I1C 14 18 22 02 06
29 OCT 1968 30 OCT 1968
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Fig. 2a The collection of the H componment magnetic records from six
Low latitude statioms for the storm of October 29/30, 1968,
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Fig. 2b The collection of the H component magnetic records from six
high latitude stations for the storm of October 29/30, 1968,
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The fourth storm had characteristics of being associated with a central meridian flare. It
began with a large ssc at 0859 UT on October 31 and developed a large main phase, Figs. 3a and 3b
show a collection of magnetic records from six low latitude stations and ten high latitude stationms.
The ssc was soon followed by a weak main phase and a single polar substoxm which occurred between
1000 and 1150 UT. Then, an Intense si actiwvity followed, lasting from 1150 UT to 1340 UT. A series
of polar substorms began at about 1340 UT. An intense main phase developed during the substorm
activity (Figs. 3a and 3b). The main phase was also quite asymmetric, being most intense in the
evening sector. Only a moderate disturbance was recorded at Honolulu, since the station was in the
forencon sector during the growth period of the storm.
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Fig. 3a The collection of the H component magnetic records from six low
latitude stations for the storm of October 31/Novembex 1, 1968,
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latitude stations for the storm of October 31/November 1, 1968.
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Fig. 3c The Dst, asymmetry and electrojet indices for the October 31/
November 1, 1968 storm.

Fig. 3c shows the Dst index, the asymmetry index and the electrojet (AL) index for the stoxm.
For the procedures for obtaining those indices, see Solar-Geophysical Data: May 1963, pp. 148-149.
it can be seen that the asymmetry and the electrojet index had 2 similar time variation.

The fifth storm began with a distinct ssc at 0917 UT on November 1. This storm also had
typical characteristics of being associated with a western flare. A vexy intemse si activity was
present during the storm period. Figs. 4a and 4b show a collection of magnetic records from six
low latitude and nine high latitude statioms. The main phase was weak., In Fig. 1, the Noyember 1
storm appears as intense as the October 31 storm; this is, as mentloned earlier, because Honolulu
was located in an unfavorable local time sectoxr to observe the former storm, but in a favorable
sector during the latter storm. .

In high latitudes, there occurred two intense substomms (Fig. 4b) during an early phase of the
storm., This activity was followed by a series of weak substorms for more than 24 hours.

The M9740 regiom became quite active after the end of October 31. There occurred at least
six flares by 12 UT on Wovember 2. It is likely that either or both the flares at 2232 UT on
October 31 and 0804, 0926 UT on November 1 were responsible for the sixth storm which began with
a series of weak si's between 1830 UT and 2130 UT on November 3 which was then followed by an
appreciable main phase decrease.

However, the flares at 2003 UT on November 1 and those at 0801, 0949 UT on Novewber 3 appeared
to produce only a very minor disturbance which consisted of an sse at 0927 UT, followed by an si.
It is quite likely that this is at least partly due to the large central meridian distance of the
flares [Akasofu and Yoshida, 1967]. By November 5, effects from the M3740 region became unrecogniz-
able. The Kp indices on November 5 and 6 were (0+, 2+, 20, 1+, 2+, 0+, 20, 20) and (1-, lo, 1=, lo,
lo, 1+, 2+, &-), respectively.
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Fig. 4a The collection of the H component magnetic records from six
low latitude stations for the storm of November 1/2, 1968.
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11. AURORAL PHENOMENA

"Suroral Activity inm Western Europe October 27-November 2, 1968"
by

J. Paton
University of Edinburgh, Edinburgh, Scotland

[Dr. Paton has supplied the following statements which are expanded versions of the Abbreviated
Calendar Record statements published in STP Notes No. 7. All times are Universal time.]

1968 October 27-28 No unusual auroral activity.
28-29 Auroral glow on horizon visible teo latitude 60°,

29-30 Cloudy conditions but interference filters showed aurora present from
1720h, and visible to about 20° above horizom in latitude 59°. There-
after cloud too thick to allow any useful observations but clearance
between 0300h and 0600h showed mo aurora im latitude 59°,

30-31 Overcast conditions prevent observations.

31-Nov, 1 Overcast south of latitude 60°, A rayed arc with base overhead just to
the north of Shetland after sunset, broke up about 1930h into several
rayed bands, one showing striations. Pulsation occurred just before the
forms began to recede northwards about 2130h, The active phase of this
display was completed by about 2200h.

November 1~ 2 Brighter and more active than the display of the previous night and
activity persisted all night. Rayed arcs and bands were overhead from
latitude 60° to at least 70°. 1t was overcast over Western Europe south
of latitude 60° but a glow on the horizon was seen to latritude 49° over
the Western Atlantic.

2~ 3 Auvroral light visible to latitude 56° at 0050h.
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"Ascaplots for Greenland Stations October 30-November 2, 1968"

by

K. Lassen
Danish Meteorclogical Institute, Charlottenlund, Denmark

[Dr. Lassen has kindly supplied ASCAPLOTS for October 30-November 2, 1968 for Thule, Nord, Godhavn,
S. Strfmfjord, Kap Tobin, and Narssarssuak. The symbols are as described in Annals of the Geophysi-
cal Year, Vol. XX (Part I}, 1962. Total cloudiness is marked by vertical lines through the middle
Partial cloudiness is marked by a dot in the middle of square 1, 2 or 3. No
Start and stop are marked by a thiék vertical
Filled in squares

of square 1, 2 or 3.
operation is indicated by a thick horizontal line,
line. Twilight is indicated by an arrow at the end of the horizomtal line.

represent the following:

Line 1 = Aurora in north range, B80°-60°N zenith distance
Line 2 = Aurcora in zenith range, 60°N-60°S zenith distance
Line 3 = Aurora in south range, 80°-60°S zenith distance

iine §}= Brightness according to scale 0-3, only in the zenith range.]
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12. IONOSPHERIC PHENOMENA

"Dourbes f-plots 27 October-5 November 1968"

by

L. Bossy
Institut Royal Météorologique de Belgique

[ These f-plots as furnished by M. Bossy are included as indicative of the type of ionospheric data
available in the archives of World Data Center A - Upper Atmosphere Geophysics for this time inter-
val. These are particularly interesting since in addition to plots of the values of foF2, foE,
foES, f min and ES type, photographs of the variation of ftE are included. Among other effects
shown is evidence of the SID of October 27 at 1230 UT, October 29 at 1218 and November 2 at 0946 UT

by the increases in f min. The foF2 values are depressed November 2-3 after the magnetic storm of
October 31, 1968.]
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"Radio Propagation Quality Indices"

by

B. Beckmann
Fernmeldetechnisches Zentralamt
Deutsche Bundespost, Darmstadt, G.F.R.

The table presents radio propagation quality indices prepared from observations of the trans-
m%ssion frequency ranges at three azimuths for both day and night. The observations were made at
Luchow 53.0°N, 11,.2°E from selected transmitters located in the three areas: U.S.A., South Ameri-

ca and East Asia. The indices are computed as follows:
BK = (MUF - LUF + 1) °F

In this equation MUF and LUF are the observed ionospheric propagation parameters of maximum usable
frequency and lowest useful frequency and F the mean logarithmic field strength on the path.
From this the relative band characteristic figure BKr is found.

BK
BKr = —
BK:ot
where BK is_the average of BK over a day or night period for the propagation path and EE; is the
average of BK over the preceding 27 days or solar rotation. Thus, BK_ >1 represents quieg, BK_=1

represents normal, and BK_ <1 represents disturbance. To form values cooresponding to the 1-9 scale
used for forecasts of radio propagation quality, the radio propagation indices published in the
tables are 6 times the BKr for the day or night period of the circuits in each of the three areas.

Radio Propagation Quality Indices

derived from observations of the transmission frequency range

October 1968

Date UsA South America  East Asia
- Germany - Germany - Germany
Day Night Day Night Day Night
1 6.4 5.0 7.0 5.6 7.0 6.2
2 5.0 3.8 5.6 5.0 6.0 4,6
3 4.8 5.0 5.6 5.2 6.0 4.8
4 6.4 6.2 6.4 6.0 7.0 6.0
5 6.0 6.6 5.6 5.4 7.2 5.6
6 6.8 6.2 5.2 5.6 6.4 5.0
7 6.2 5.6 6.2 5.8 6.6 6.0
8 6.2 5.2 5.4 5.8 6.2 5.2
9 6.2 5.4 5.8 6.0 6.6 5.2
10 6.6 6.4 6.0 5.8 7.2 5.6
11 7.0 5.8 6.2 5.6 7.8 5.6
12 5.4 3.8 5.8 5.4 6.6 5.6
13 5.0 4.8 5.2 5.8 6.2 5.6
14 5.4 4.4 5.6 5.0 6.0 4.4
15 6.8 6.2 6.0 5.8 6.6 5.4
16 6.2 6.6 6.4 5.8 6.8 5.6
17 6.2 6.0 6.4 6.0 6.8 6.2
18 6.2 6.0 5.8 5.8 7.0 5.4
19 6.4 6.2 5.6 5.4 7.0 6.4
20 6.2 6.8 5.4 5.6 6.4 5.6
21 6.6 7.0 6.2 5.8 6.2 6.4
22 6.6 7.2 6.4 6.0 7.2 5.6
23 7.6 8.0 6.2 6.0 7.2 6.4
24 6.8 6.6 6.4 6.6 7.2 6.6
25 6.6 5.6 6.2 5.8 6.8 6.8
26 6.4 7.0 6.2 5.2 6.8 6.2
27 7.0 7.4 5.4 6.4 6.4 6.8
28 7.2 7.6 6.6 6.0 6.4 6.0
29 6.2 6.0 6.2 7.4 6.4 5.2
30 5.6 4,8 6.2 5.8 6.6 7.0
31 3.4 3.0 5.2 5.2 6.2 5.6
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"Some Absorption Changes at South Uist 29 October - 1 Hovembexr 1968"
by

W. R. Piggott and E. Hurst
Radio Research and Space Station
Slough, U.K.

The following abstracts from a report on the operation of a riometer operating at 27.6 MHz at
the Rocket Range at South Uist (57°23'N 7°25'W) summarize the most impoxtant changes during the
period 29 October - 1 November 1968. In general interference on the operating frequency prevented
observation during the daytime on most days.

Some very large absorpticn events were observed during the analysis, the most importamt of
which are reproduced in the Figure 1. This shows the departure of the current, Ai, from its
quiet day value as a function of time. The normal current varied from about 4 ma near 1000 to
about 6 ma near 1800 for this period so that the absorption losses were of order 10 dB. This
period was associated with an important proton flare followed by a PCA and accompanied by a
major magnetic and ionospheric storm. It appears that the geomagnetic cutoff latitude decreased
sufficieatly to allow protons to enter above South Uist on this occasion. The nighttime auroral
events are also exceptionally large, very much bigger than is usual near the auroral zone.
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"Disturbances in the Lower lonosphere (Solar Proton and High Energy Electron Precipitation)
Observed at High Latitudes in Canada During the Period 26 October to 9 November 1968"

by

J. &, Belrose, D. H, Jelly, D. B, Ross and R. Bunker
National Radio Propagation Laboratory
Communications Research Centre
Department of Communications
Ottawa, Canada

Introduction

During the past B years or more the Communications Research Centre (formerly the Defence
Research Telecommunications Establishment) has been investigating the properties of the lower iono-
sphere (below the 100 km level) by a number of techniques: (1) low and very low frequency propaga«
tion over a number of paths; (2) riometer absorption measurements at Resolute Bay (A = 84,2°),
Churchill (A = 70.5°), Great Whale River (A = 68°), Moosonee (A = 64.2°), Val d'0r (/A = 61.3°) and
Ottawa (A = 58.2°); and (3) the partial reflection experiment at Ottawa, Churchill and Resolute Bay.
The geographic locations of the experiments are shown in Fig. 1 (geographic and magnetic shell lati-
tudes are indicated).
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Fig. 1. Northern polar map shows the various long wave propagation paths. Locations of
ricmeters and partial reflection experiments are also marked (see text). Geographic
and magnetic shell latitudes (at 100 lmm) are shown.
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The riometers employ 3-element circularly polarized (crossed elements) yagi-antennas which are
directed at the zenith or at the polar star. The details of the long wave propagation paths of
interest to this paper are listed in Table 1, and those of the partial reflection installations in
Table 2.

Table 1
TRANSMITTER RECEIVER FREQUENCY DISTANCE LATITUDE OF
LOCATION LOCATION kHz km MI%EQ%NT
Ottawa Churchill 80 1920 65.2
Thule Churchill 77 2210 79.6
Rugby Churchill 16 ~5300 --=
Table 2
TRANSMITTER BEAM  BEAM
LOCATION FREQUENCY POWER ANTENNA WIDTH POWER
MHz kW ) My
Ottawa 2.66 1000 40-dipole 28 200
(usually ™350)
Ottawa 6.275 100 128-dipole 14 72
Churchill 2.66 100 4-dipole 50 (1)
Churchill 6.275 100 l44-dipole(2) 13 29
Resolute Bay 2,66 100 G-dipole 50 1.6
Resolute Bay 6,273 100 40=dipole 28 20

(1) Wo ground screen is employed and so the gain is undoubtedly
less than at Resolute Bay.
{2) Not put into operatiom until August 1969.

The low frequency propagation experiments and riometer experiments are useful in detecting
lower ionosphere disturbances, they well compliment each other, and are operated on a continuous
basis. The measurement of high latitude LF propagation, principally phase recordings, provides a
continuous monitor for various geophysical disturbances, in particular solar cosmic ray (SCR)
disturbances [Belrose and Ross, 1962; Belrose, 1968], and the sensitivity for detection of such
events is a maximum if they occur at night; whereas the associated polar cap absorption (PCA),
because of the strong diurnal variation of absorption, can be observed by a 30 MHz riometer only
during the daytime, except for large events. The LF propagation provides in addition some indi-
cation of the lowest height where the ionization enhancement occurs (cf. the paper by Belrose and
Ross [1962] which provided for the first time indirect evidence on the height of the base of the
disturbing layer); whereas the magnitude of riometer absorption gives a very useful measure of the
magnitude of the disturbance.

The partial reflection experiment is the most valuable of the three techniques, since it pro-
vides information on the electron number density - height distribution during the disturbance, as
well as an estimate of the collision frequency near the base of the ionosphere ¢~60km), cf. Bel-
rose and Burke {1964]. Unfortunately, the reduction of the partial reflection experimental data
has been a time consuming tedious task and regular ohservations, until recently were limited to
a half hour period at local noon and more continuously during disturbances. TIn 1967/68 a digital
recording method was developed [Belrose, 1970] which eliminated this problem, and the continucus
acquisition of data became a practical proposition. The partial reflection method is the most
sensitive ground-based experiment for detection of SCR-events [Hewitt, 1969], but unless two or
more frequencies and rather large antennaé arrays are employed, the experiment provides only lim-
ited information on the electron distribution for PCAs where the absorption is >1dB on 2 30 MHz
ricmeter, and even with the most élaborate instrumentation the data are not very useful if the ab-
sorption is >5dB (or so)}. This is in part because of off-vertical reflections, which are particu-
larly troublesome when the ionization demsity is abnormally high (radio wave absorption for waves
travelling in the D-regiomn is very high), and in part to the limited height range from which back-
scatter can be observed. The observation of partial reflections is possible because of the elec~
tron density irregularity of the lower ionosphere, and echoes are normally detected in the height
range 50-83 km. This is the height range where there is a negative temperature gradient with
height, and the ionosphere is apparently sufficiently turbulent to cause the partial reflection
of radio waves. Below (and above) this height range, the temperature gradient is positive, and
it becomes increasingly difficult to detect partial reflections for heights <50 km unless very
large antennas {e.g. 40-dipole arrays) and large transmitter powers (~350 kW) are employed.
Therefore, if the ionization density increase at heights <50 km is very great, the partial reflec-
tion experiment can in fact be "blacked-out' (no echoes are detected), or no echoes from the base
of the ionosphere and weak O-wave echoes only from some higher height (the X-wave being already
absorbed).
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The purpose of this paper is to collocate the various data recorded during the period 25 Octo-
ber through 8 November 1968 and to describe the disturbances that were observed during this pericd,

The Observational Data

The various geophysical data are shown in Fig. 2% (curves a to i) which are from top down-
ward: a) phase record of the Thule~Churchill (77 kHz) transmission; b) phase record of the
Ottawa-Churchill (80 kHz) transmission; c) phase record of the Rugby-Churchill (16 kHz) transmis-
sion; d) ratio (Ax/Ao) 88km 2% 2.66 MHz at Resolute Bay (this ratio is inversely proportional to
the average electron density below the reference height); e) riometer absorption (zenith directed
antenna) at Resolute Bay; f) riometer absorption (pole-directed antenna) at Churchill; g) riometer
absorption (pole-directed antenna) at Ottawa; h) solar protons for Ep>10Mev by Explorer 34 (1967-
514) satellite (from "Solar-Geophysical Data", published by ESSA Research laboratories); and i}
magnetic index ap-figure. The dates are with respect to Universal Time (UT).
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Fig. 2. Collocation of various geophysical data for the period 25 Qctober to 8 November 1968
(Universal Time). See text for further details.

% A copy of the original of this figure is available from the authors on request.
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The Partial Reflection Experiment

The partial reflection data will be described first since this experiment is the most sensitive
and showed scme early disturbances, prior to the main SCR event on 31 October 1968, Digital equip-
ment, recording the partial reflection data on incremental magnetic tape, was installed at Resolute
Bay in the early summer of 1968, and beginning on 1 August, the experiment was operated continuous-
ly (24 hours per day) until 30 October 1968 in anticipation of an SCR event. The equipment was
turned on again late in the evening of 31 October (UT day), since it was realized that a major SCR-
event was in progress, and it was operated continuously until mid-afternoon of 2 Wovember. This
period is indicated by the horizontal line, and while data were obtained during this period, no
echoes were detected from heights of 88 km (lower echces were detected but the waves were absorbed
below 88 km). A preliminary study of these data has been given previously [Belrose et al., 1969].
No records were taken (for reasons unknown) on 3 and 4 November, and, beginning on 5 November local
midday recerds only are available (indicated by the bold dots).

The 25th October 1968 was a typical quiet day for this time of the year. The sun rises barely
above an elevation angle of 0°. The times when the sun rose and set for this elevation angle are
indicated by the upward and downward directed arrows. There is a clear diurnal variation; minimum
ratio occurs at local noon, but the magnitude of the diurnal change is hardly outside the range of
variation of the nighttime values. During the dawn twilight period on the morning of 26 October,
the ratio suddenly decreased, and remained below normal until 10 November (not shown), followed by
subsequent decreases, beginning on 13 and 18 November 1968. The disturbance on 26 October 1968 was
identified as an S5CR-event [ Belrose et al,, 1%69] before satellite proton data became available.
The event can be clearly detected in the satellite data but it is scarcely outside the scatter of
values for the undisturbed background.

The great sensitivity of the partial reflection experiment for detecticn of very small SCR-
events is further emphasized in Fig. 3, which shows results for August 1968. Here the diurnal vari-
ation was larger (even though the sun never set). The bold dots indicate the midnight values that
would have been recorded, judged from the long sequence of data, in the absence of a disturbance.
Clear decreases in Ax/Ao ratio can be seea for the period 6-13 August, 14-16 August, 20-21 August
(equipment fzilure prevented the observation of the decay of this event); as well as can be seen by
the insignificant small event of 4 August 1968. Again these events were identified before satel-
lite data became available, which, when it did, confirmed that these disturbances were small proton
events, since each can be seen as a small increase in proton counts above the background.
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Fig., 3. Variation of the amplitude ratio Ax/Ac at 84 km for 2.66 MHz observations at Resolute Bay
during 1-21 August 1968, superimposed with proton counting rate from Explorer 34 (IMP-F) UT.
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Referring again to Fig. 2, it is interesting to note that the solar proton count rate has in-
creased significantly above background during the pre-dawn period of 26 October 1968, yet the
event was not detected by the partial reflection experiment until the solar zenith reached ~98°,
whereas during the following nighttime period of 26 to 27 October, even though perhaps somewhat
smaller rates of proton precipitation were recorded, the ionization density in the D-region re-
mained higher than normal. It is difficult to be certain of the significance of this feature,
since the proton fluxes were very nearly at the background level, but if significant then this
fact leads to important inferences. For these very small events, solar illumination at the outset
is apparently required before the ionization density can increase significantly; but once the iono-
sphere has been illuminated during proton bombardment, the enhanced ionization takes a very long
time to decay (e.g. it does not decay during the course of a single night). The event of 29 Octo-
ber is seen as a further decrease in the Ax/Ao ratio. There were unfortunately no observations at
the time of the onset of the main event om 31 October 1968.

Partial reflection data at Ottawa were available (not shown) for noons only for the period
25-30 Qctober, and continuously during most of the day of 31 October 1968, These data, in parti-
cular the electron number density-height profiles, will be published in a later paper. The main
event of 31 October 1968 began more or less coincident with a large geomagnetic storm: a, reached
a peak of 200 gammas during the afternoon of 31 October 1968 (due presumably to a previous dis-
turbance on the sun), and because of this a PCA was observed as far south as Ottawa. PCA are not
normally observed at QOttawa, except weakly during very large events®, unless, as in this circum-
stance, the earth’'s magnetic field is disturbed allowing the seolar protons to pemetrate to the D-
region. The absorption was in excess of 4dB during the daytime of 31 October over Ottawa. Excel-
lent partial reflection data were obtained, in particular the details of the decrease in D-region
ionization (note the decrease in riometer absorption) over sunset on 31 October. Since Ottawa is
near the southern extent of the disturbance, however, it makes the study of SCR effects difficult,
since one has to be certain that the ionization decrease, which may be due to sunset, is not due
in part to changing cut-offs during the sunset period when the ap-figure was decreasing.

Long Wave Propagation

Long wave propagation, in particular transpolar VLF propagation, has long been thought to be
& very sensitive method to detect the penetration of solar protons into the earth's upper atmos-
phere, and indeed it is. The polar cap disturbance (PCD) was, however, not clearly detected in the
Rugby~Churchill transmission until the night of 1-2 November, except for a brief period on 31 Oc-
tober during the daytime when the signal amplitude was so weak the phase could not be tracked re-
liably. The LF transmissions Thule-Churchill (77 kHz)} and Ottawa-Churchill (80 kHz) clearly
showed effects earlier: a gradual decrease in phase height on the Thule-Churchill transmission
and a sudden cessation of nocturnal fading on the Ottawa-Churchill transmission, beginning at
about 05 UT on 31 October 1968. The diurnal variation was quite abnormal during 31 October - 3
November, particularly the 1-2 November. The depressed phase heights at midday om 31 October, and
1-3 November for the Ottawa-Churchill path is normal for PCDs (the fact that a similar decrease
was not observed for the Thule-Churchill transmission is thought to be instrumental). The daytime
phase was up to 10 microseconds below normal, which corresponds to a decreased phase height of 10
km., If the normal phase height of reflection is about 65 lm, the phase height of reflection during
the peak of the disturbance on 1 November 1968 was approximately 55 km.

The further increase of solar proton count rate during the early morning hours of 4 November
1968 clearly resulted in a decrease in nighttime phase on both the Thule-Churchill and Ottawa-
Churchill transmissions.

The Thule-Churchill diurnal phase change is much more regular than the Ottawa-Churchill trans-
mission., The latter traverses the auroral zone. Note in particular the irregularity typical of
auroral disturbances during the daytime of 26 October and during early morning hours of 28, 29 and
30 October 1968.

Riometer Absorption

A PCA was not definitely detected until about sunrise on 31 October. The absorption obsexrved
on 29 and 30 October at Churchill and Ottawa is undoubtedly auroral absorption, since absorption
was not strongly detected at Resolute Bay. A small daytime peak in absorption ¢-0.5 dB)} on 29 Oc-
tober at Resolute Bay®* is undoubtedly a PCA. The peak in absorption at 16 UT at Resolute Bay on
2 November, and in part the very strong peak in absorption at Churchill at 15 UT is clearly coin-
cident with a peak in solar protonm flux at about the same time, The effect of the SCR event of

* For example, the SCR event of 2 November 1969, whiech was distinguished by the exceptionally strong
PCA 2zt high latitudes; riometer absorption at Churchill was ~15 dB; was hardly detected at Ottawa
(absorption was ~0.7 dB on the zenith riometer). The earth's magnetic field was quiet (Ap = 10).

#% The daytime peak is not evident in the Figure, but is clearly seen in the full size copy of the
Figure,
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4 November can be clearly seen in the absorption over Churchill, and also at Resolute Bay where the
effect is not so strong because of the higher solar zenith angles there. On 4 November the solar
zenith angle was >90" over Resolute Bay (note that the arrows marking the times when X = 90° are
absent on & November and days following.)

Discussion

The ionization changes associated with the increases in solar proton count rates on 26, 29, 30
and 31 QOctober can be detected in the high latitude geophysical data presented in this paper, as
well as the intensity increase of the event on 1-2 November and the further increase onm 4 November
1968. The minor enhancement of the background proton fluxes beginning on 26 October and continuing
until the onset of the larger events is very clearly detected by the partial reflection experiment
at Resolute Bay, which is the wmost sensitive ground-based technigue for detection of SCR disturb-
ances,

The fact that the SCR event of 31 October began more or less coincident with a large geomag-
netic storm (a,>200 gammas) resulted in a PCA of unprecedented magnitude at low latitudes for this
solar cycle (4-5 dB on a pole-directed riometer being detected as far south of Ottawa). Eleciron
density profiles over Ottawa, Churchill and Resolute Bay will be given in & later paper. A prelimi-
.nary discussion of the partial reflection data at Resolute Bay and electron number density-height
profiles have been published [see Belrose et al., 1969].
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"Interpretation of Ionospheric Forward-Scatter Observarions in Alaska During the Solar-Terrestrial
Disturbances of Late October and Early November 1968"

by

D. K. Bajley and XK. W. Sullivan
Space Disturbances Laboratory
ESS8A Research Laboratories, Boulder, Colorado

Introduction

This report is similar in scope and form to a previous one fBailey and Sullivan, 1969] con-
cerning the geophysical effects which followed the solar events of 23 May 1967. 1In the present
case data for seven rather than ten days are examined. Also, in the present case, forward-scatter
observations are available only from one forward-scatter path rather than three. The preseat re-
port is therefore simpler.

Observations

The hourly forward-scatter signal-intensity observations for the Alaskan path from Barrow to
Anchorage at 23.19 MEz are shown at the top of the data plotted in Figure 1 for the period 30 Oc-
tober through 5 November 1968. The background noise levels, though rather unreliable at times,
are shown immediately below. 1Im the same figure the periods of full sunlight, X<89°, twilight, X
between 89 and 101°, and darkness, ¥>101°, are shown for the path midpoint region at L = 5.7, The
latter two conditions are indicated by open and filled or black bars respectively, Below these
indications are plotted the 3-hourly Kp figures. Lastly and just above the time scale the sc mag-
netic storm onsets are shown with the conventional triangle mark., The time of the principal solar
flare in the 7-day period is also shown.

In addition to the basic data described above certain reference data are also shown. The fine
continuous lines associated with the plots of signal intensity and background noise represent ap-
proximately the values that might have occurred in the absence of disturbance. Tn the data points
representing signal intensity an "x'" replaces the black dot whenever Es propagation ocecurred during
the hour. If the Es propagation was sufficiently intermittent the position of the "x" represents
a fair estimate of the signal intensity received by the forward-scatter mode. "x's" well above the
normal trend are probably unreliable as indicators of the forward-scatter signal. The letter "g"
replaces a value of signal intemsity when Es propagation caused saturation of the received signal
recording. The letter "m" is shown above a plotted value of signal intensity to indicate that the
usual spikes of strong signal propagated via meteor trails are missing owing to heavy absorption
above the scattering stratum. The symbol is usually shown when the signal intensity is otherwise
normal or shows some enhancement. Eight consecutive hourly values of signal intensity are missing
in the 3 - & November period. They are replaced by the letter "I'" to indicate the cause, trans-

mitter difficulties.

Interpretations

) Because absorption of lonospherically scattered signals as revealed by signal-intensity de-
crease is only observable by day, and is replaced at night by enhancement of sigmal intensity
[Bailey, 1964}, it is necessary to know the position of the sun at all times with respect, for ex-
ample, to the zenith at the midpoint of a scatter path. It is for this reason that the bar symbols,
previously explained, are shown in Figure 1. The absence of a bar plot indicates full daylight,
X<89°,

SiD

As the sun was very low at the time of the 3B flare which began at 2339 UT on 30 October, the
absorption effects in both signal intensity and background noise were small. The hourly observa-
tional points plotted for 0030 UT on 31 QOctober show the effect,

Solar Protons, 31 October =~ 5 November

The most intense absorption resulting from solar protons (PCA) was observed during the daylight
period of 1 - 2 November, nearly two days after the 3B flare which probably signalled the emission
of the protons from the sun. The preceding daylight period showed distinctly less absorpticn and
exhibited a trace of midday recovery [Leinbach, 1967]. These observations suggest that the imtense
fluxes of the softer protons were rather long delayed, perhaps as a result of the highly disturbed
conditions that must have existed both in the magnetosphere and in the interplanetary space at this
time. The PCA was much reduced during the daylight period of 2 - 3 November, and we cannot state
whether it was still present on the following day because of the transmitter difficulties, but the
observations early in the daylight period suggest still further reduction in intensity., During the
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daylight peried of 4 - 5 November the PCA increased to a level comparable with that of the 2 - 3
November daylight. No subsequent evidence of PCA was seen.

Nighttime signal enhancement during periods of PCA is normally observed, but during the pres-
ent period the presence of much auroral substorm activity (see below) has cbscured the normal
nighttime behavior.

Electron Precipitation, 30 Octcher - 4 November

In the period plotted in Figure 1, 30 October through 5 November, there was considerable auror-
al activity during the periods of darkamess on all except the last day, and there must have been par-
ticularly fine auroral displays, as evidenced by the observed Es propagation [Bailey, 1968], during
the periods of darkness. The periods before magnetic midnight on 31 October, 2 and 3 November,
should have been particularly noteworthy. A less spectacular display probably occurred on 4 Novem-
ber. On 30 October and 1 November the main electron precipitation took place after midnight and was
probably represented by a harder spectrum.

There seems to have been some relativistic electron precipitation (REP) activity during the
period of study particularly in the dawn and early post-sunrise hours of 31 October and 1 November.

Discussion

Throughout the period plotted in Figure 1 there was a prolonged Forbush decrease in cosmic-ray
intensity, It began early on 29 October according to the Alert and Deep River neutron monitors
[Steljes, 1970, see page 226 of this Report]. By the end of 5 November recovery was nearly com-
plete.

The Explorer 34 observations of solar protons reported by Lanzerotti and Soltis [ 1970, see
page 199 of this Report] and by Bostrom et al. [1970, see page 190 of this Report] seem to be in
good agreement with the deductions made above as to the relative intensities of absorption during
the brief daylight periods in Alaska. In particular the square roots of the hourly averages of
Ep > 10 Mev given in the second reference immediately above are closely proportional, during the
brief periods of daylight at the midpoint of the Barrow-to-Anchorage path, to the maximum absorp-
tion values observed each day, as would be expected [Bailey, 1964].
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"VLF Phase and Amplitude Measurements During the
PCA Event October 31 - November 6, 1968"

by

T. R, Larsen¥®
The Aurcral Observatory
Box 387, 9001 Tromsé, Norway

This paper gives a presentation and short discussion of very low frequency (VLF) phase and
amplitude variations observed at Tromsg, Norway (corrected geomagnetic coordinates: G.= 66.3°N, A, =
105.4°) during the polar cap absorption (PCA) event starting October 31, 1968. This event followed
a 3B flare occurring at 2339 UT on October 30, 1968 [Solar-Geophysical Data, IER-FB 291, November
1968] and is superposed on a weaker PCA already in existence from October 29, The latter event,
however, will not be discussed here.

The three VLF paths to be considered are as follows:

1. NWPG (18.6 kHz), Seattle to Troms#. The path is 63500 km long anéd crosses
the northern tip of Greenland,

2, Hawaii (10.2 kHz) to Tromsd. Pathlength: 9700 km.

3. Trinidad (10.2 kHz) to Tromsp. Pathlength: 8700 km.

180

270

Fig. 1. The map shows the three VLF paths discussed in this paper.

* Seconded from Norwegian Defence Research Establishment.
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These paths are shown in Figure 1 as solid lines. The auroral zone is marked by a brokern line.
Notice that the two northeramost paths cross the auroral zone twice, while the Trinidad path is
nearly parallel to the auroral zone from Iceland to Tromsd. At Tromsg a Rubidium standard was
used as local frequency reference. 1In addition to the VLF data magnetometer and riometer (27.6
MHz) data from Tromsd will be discussed.

The phase and amplitude curves for the event are shown in Figure 2. The shaded area in the
phase curves represents instantaneous phase deviation from "normal" conditions. It is thus imme-
diately seen that most phase effects on the transpolar paths have disappeared by noon on November 6.
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Fig. 2. Phase and amplitude variations during October 30 —~ November 6, 1968. Shaded areas show
deviations from normal phase variations.

A few comments on the 'mormal" phase variations are appropriate. For the NPG and Hawaii paths
the average phase values were calculated using the days October 26, 27 and 28, and the resulting
curve subsequently slightly smoothed. Tor the Trinidad path the smoothed curye of October 30 was
chosen to represent normal propagation conditions. Of these averaged phase curves the NPG curve is

inadequate between 1400 - 1600 for the last days of the event, but this effect will be discussed
later.

It is noticed that both transpolar paths exhibit some phase deviation (10 - 15 11s) on October
30. This is due to the PCA that started the day before.

The trigger flare for the PCA under consideration here was -detected on the Hawaili path, 60%
of which was in daylight when the event occurred. The VLF onset was 6 * 1 min. after the start of
the optical flare, but the major disturbances became clearly apparent with increasing phase devia-
tion at 0400 - 0600 hrs. the next day. From 1300 - 1700 the magnetic field at Tromsg was much
disturbed and at the same time the southernmost path (Trinidad) experienced greatly enhanced dis-

turbances. Strong riometer absorption (5 - 6 dB) was observed with a midday recovery between 0900 -
1330.
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The major magnetic storm started about 1145 on November 1 and was enhanced at 1900, 36 and 43
hrs., respectively, after the flare, These two periods mark arrival of low energy plasma from the
sun and are also reflected in the VLF curves as periods of enhanced phase deviation and signal
attenuation. Then in the course of November 1/November 2 the PCA reached its peak. During this
time the diurnal phase varjiation of NPG was reduced from 35 to 15 Ms and the night-time phase was
typically 10 us lower than average day-time values. WNight-time phase of Hawali was also below
normal day-time level.

It should be noticed that the deep minimum in the normal phase of NPG at about 1500 occurs
when the complete path for a short time is in sunlight. This condition does not prevail tiil
November 6, therefore the "normal" curve between 1400 - 1600 is not appropriate for the complete
duration of the PGA.

Table 1 give approximate values for the maximum PCA disturbance for day and night conditions
on the paths.

TABLE 1
path time{UT) path condition | phase advance | ampl. attenuation
NPG Nov 1 1500 path  day-time 22 ps 15 48
Nov 2 0600 night-time 45 us 25 dB
Hawaii Nov 1 2300 path  day-time 65 us 5 dB
Nov 2 1000 night—~time 65 us 10 4B
Trinidad Nov 2 0300 path night-time 50 ps 5 dB
Nov 2 1500 day~time 50 us 3 dB

It is noticed that the NPG - Troms¢ path, which crosses Greenland suffers the largest signal atten-
uation. This is in accordance with findings of e.g. Westerlund, Reder and Abom [1969].

The VLF curves suggest that a new injection of particles took place on Wovember 4 at about 0500.
The riometer at Tromsé showed increased absorption (2 - 6 GB) between 0500 — 1100 while the magneto-
meter was relatively quiet.

At noon on November 6 only minor disturbances remain on the VLF circuits. However, a new event,
believed to be a minor PCA event, started late night on the same day.
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"Long Path VLF Observatioms of the Tonospheric Disturbances
Resulting from the Solar Proton Event of October - November 1968"

by

T. B. Jones
University of Leicester, England

Long path VLF propagation is severely affected by ionospheric disturbances associated with
solar flares, solar proton events, magnetic storms and high altitude nuclear detonations. As
part of the program for investigating the ionospheric disturbances caused by flare enhanced radia~
tions [Burgess and Jomes, 1967; Jones and Wand, 1967a; Jones and Wand, 1967b] the phase and ampli-
tude of the following long path VLF transmissions are continuously monitored at Leicester. These
are: (a) 12.0 kRz., Omega/Trinidad; (b) 18.6 kHz NLK, Jim Creek, Washington; and (c) 21.4 LkHz
NSS Annapolis.

After certain flares polar cap disturbances are observed as a result of enhanced D-region
ionization which is probably caused by solar protons and other charged particles trapped in the
earth's magnetic field. These solar proton events affect the whole polar cap and disturbances
can occur down to magnetic invariant latitudes (A) of about 55 degrees [Belrose et al., 1956].
The duration of these events are dependent on the magnitude of the solar proton eveat and also
on the magnetic latitude [Bates and Albee, 1965; Egeland and Naustvik, 1967]. The VLF propaga-
tion paths monitored at Leicester are particularly interesting in this respect since they cover
a wide range of magnetic latitude.

During the solar proton event of October - November 1968 all three circuits were monitored
and in addition some data was also available for the 17.8 kHz (NAA) Cutler, Maine, transmission
received at Leicester.

On 29 October sudden phase anomalies (SPAs) were observed as shown below:
29 October 1968

Transmitter Time of SPA (UT)
Start Maximum End

)/ Trinidad 1216 1300 1400 ?
1402 1420 1515
1850 1855 7

NSS 1200 1250 ?

NLK ? 1240 ?

NAA 1215 1245 1400

) 1850 1855 ?

(? denotes events difficult to observe due to (a) records peor or missing, or (b) a second SPA
occurring during the recovery phase of the first one).

On the following day, 30 October, two well defined SPAs were recorded, the second event starting
before the first had fully recovered. Details of these two anomalies are given below:
30 October 1968

Transmitter Time of SPA (UT)

Start Maximum End
§/Trinidad 1230 1255

1330 1330 1500
NSS 1240 1300

1330 1345 7
NLK 1230 1300 7

1330 1345 7
NAaA 1240 1300

1330 1345 1500
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No SPAs were detected on 31 October but further activity ececcurred on I November with small SPAs
on all paths starting about midday with maximum phase advance at 1245 UT.

The diurnal phase variations of the Trinidad, NSS and NLK transmissions during the period
23 October to 5 November are reproduced in Fig. 1. The first feature of interest is the shift in
the night-time phase of the WSS signals during the night of 29-30 October. This feature is not
well defined for the NLK results and is not present in the Trinidad data. During the morning of
30 October the night and day change of the NLK phase is greater than normal and the phase remains
at this anomalous value throughout the day. Tn contrast, the day time phase of the N8S and Trinidad
signals are normal throughout 30 October.

The phase for all three transmissions appears to be normal during the night of the 30-31
October although a marked drop in the NPG signal strength made observations difficult at this
frequency. The following day both NSS and NPG transmissions show large phase disturbances, and
the phase variations from the night of the 30-31 to day on 31 are about one and a half times the
normal change. During the night of 31 Octoher - 1 November the phase returns to its normal value
although some minor disturbances are evident.

The following night, however, (1-2 November) exhibits a marked storm after effect, the night-
time phase retardation being only about half its normal magnitude and comsiderable phase fluctua-
tions are present throughout this night. After 2 November the diurnal phase pattern slowly recovers
although it is difficult to determine when recovery 1s complete due to the slow drift of the refer-
ence oscillator.

No disturbances were observed on the Trinidad transmissions during the proton event apart from
the SPAs associated with the flares. This indicates that the icnospheric disturbances resulting
from the proton event were limited to magnetic latitudes greater than those of the Trinidad to
Leicester path. The receiver is at A®50° but A is less than A=40° for about half of this path.

The NS5 to Leicester path, which lies between A~45° and A=60°, did, however, show considerable dis-
turbances during the event.

The VLF observations have enabled the time and latitude variations of the fonospheric disturb-
ance produced by the proton event o be investigated. Particularly interesting features of this
event are the dissimilar effects observed on the high latitude paths during the initial phase of
the disturbance, the well defined storm after eifect, and the disappearance of the ionospheric
disturbance at gecmagaetic latitudes below about 45 degrees.
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{Permission to reprint the following article from "Physica Noxvegica", 4, 196% has been received from
the author and the publisher.]

Radio noise from the ionosphere on 225 MHz
during a great ionospheric disturbance

G. ERIKSEN & L. HARANG
Institute of theoretical astrophysics, Blindern, Oslo

Eriksen, G. & Harang, L. Radio neise from the ionosphere on 225 MHz during
a great ionespheric disturbance. Physica Nervegica, Vol 4, No., [, 1969,

During a great geomagnetic disturbance and at the end of a polar cap abscrp-
tion (PCA) event, emission of radio noise on 225 MHz was observed at Oslo
with & 7.5 m paraboloid directed towards the lower northern horizon and thus
covering part of the aurorat zone. The flux of the observed radio noise was of

the order of 1x10-22 W/m2Hz.

L. Harang, Institute of theoretical astrophysics, Blindern, Oslo, Norway

1. QCCURRENCE OF THE 225 MHz
EMISSION

Solar radio noise is recorded regularly at the Oslo
Solar Observatory situated 50 km north of Oslo.
The equipment vsed is a converted Wiirzburg
antenna and a recording receiver operating on
225 MHz with a band-width of 1 MHz. The
parabelic mirror has a diameter of 25 feet and
is fed by a vertical dipole. The antenna beam has
a width of approximately 13° by 15° between hall’
power points.

1t was decided to utilize this equipment during
night hours in a search for noise radiation which
might be emitted from the polar ionosphere at
times of heavy disturbances. After sunset, the
antenna was pointed 20° west of north at an
elevation of 11°, Between half power points the
antenna thus covers a height interval from 150
to 450 km in the auroral zone some 500 to 800 km
west of Tromsa.

Almost every night from October 1968 to

March 1969 cosmic noise was recorded from
sunset to sunrise, Records were made with a re-
cording time-constant of 3-5 seconds, During this
S-month period, emission in addition to the reg-
ular pattern arising from the Milky Way crossing
the antenna beam was observed only ence, and
the highly disturbed condition of the ionosphere
on this occasion indicates that the emission re-
corded is to be associated with this disturbance.
The 225 MHz records from the three nights 31.10
to 2.11. 1968 are shown in Fig. 1. The upper trace,
from 31.10, gives a typical example of the un-
disturbed radiation from the galactic background.
The spike at the extreme left is the deflection
caused by a calibrating noise generator. The lower
trace, ont the other hand, shows from the start
of the record at 1528 UT, additional emission
varying in intensity and fading away towards
1900 UT. The galactic background radiation ex~
pected is indicated by the broken line, The peaks
of radiation received at 1540 UT and 1810 UT
correspond to an excess flux of approximately
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Fig.2. Appearance of ionospheric noise on 225 MHz during the disturbance illustrated by the riometer
records and Herecords from Tromss. A PCA of medium strength precedes the noise emission.
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Radio noise from the ionosphere on 225 MHz during a great ionospheric disturbance 00

1 x 10~22 W/m2Hz. Inspection of the record from
the preceding day reveals three smaller deflec-
tions, whereas the curve two days earlier is com-
pletely smooth. The heavy scintillations in the
record of the galactic noise in the morning hours
of 2.11 are signs of very strong irregularities in
the ionosphere. As is evident from the geomag-
netic H-records from Tromsg shown in Fig.3,
a series of geomagnetic storms appeared in the
period 31.10. 1968 to 2.11. 1968,

In Fig.2 are given, from top to bottom, the
225 MHz emission measured at the Oslo Solar
Observatory (observations starting at 1628 M ET),
28 MHz riometer observations, and geomagnetic
H-records from Tromss on 2.11 and 3.11. The
polar cap absorption event (PCA) of medium
strength had a magnitude of 4.5 dB at Tromsg
and 4.3 dB at Lycksele.
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Fig.3. Geomagnetic H-records from Tromse on the
three consecutive days. The night of greatest geo-
magnetic activity was 1-2.11. 1968, during which
only faint traces of emission are present. On the last
day, 2-3.11, 1968, the geomagnetic storm is declin-
ing, but a PCA appeared in day-time,
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kI might seem surprising that the riometer re-
cord from Tromse in the evening of 2.11, 1968
{Fig.2) shows only weak traces of emission, e.g.
at 1730 MET, during the event on 225 MHz.
One should bear in mind, however, that the beam
of the Wiirzburg antenna crosses the ionosphere
560 to 800 km west of the riometer position at
Tromsg. As is demonstrated in a subsequent
paper {Harang 1969), emission events recorded
by riometers are rather rare and have a geo-
graphic extent of just a few hundred kilometres.
Simultaneity of events recorded on 225 MHz and
28 MHz may thus be expected only if the antenna
beam points to the same region of the fonosphere.

From the 225 MHz observations nothing can
be said about the spatial extent of the emission
volume. More elaborate investigations are plan-
ned incorporating a scanning paraboloid operat-
ing on 225 MHz close to the auroral zone at
Tromsg. Further, the antenna at the Oslo Solar
Observatory will be pointed in the correct direc-
tion to cover the ionosphere above Tromsg.

2. SIMULTANEQOUS OCCURRENCE OF
EMISSIONS ON 225 MHz AND IN THE
kHz-RANGE

In previous papers (Harang 1965, 1969) it has
been shown that bursts of VE.F-emission on 8 kHz
at Tromse may occur simultaneously with emis-
sion spikes on 28 MHz, The VLF records from
the 8 kHz chain Tromsg-Lycksele-Oslo and
Middle Europe showed no signs of emission in
this frequency range during the 225 MHz event.
Further, the riometers in Tromsg and Lycksele
showed only weak, if any, spikes on 28 MHz.
Paralle]l with the chain of VLF stations in Scan-
dinavia and Middle Europe, however, there are
a number of stations in Japan recording on 4-6
kHz. A preliminary comparison of the VLF re-
cords on 8 kHz from Middle Europe and the
records from the Japanese station Moshiri on
4-6 kHz has revealed that there is often a coin-
cidence of occurrence of the burst activity in these
two distant chains of stations.

Now the VLF record on 4-6 kHz from Moshiri
(the records from Moshiri were kindly put at our
disposal by Dr. H.Ishikawa at the Research In-
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Fig.4. Emission on 225 MHz at Tromse—Oslo and on 4-6 kHz at Moshiri, Japan, oceurring simultaneously.

stitute of Atmospherics, Nagoya, Japan) during
the strongly disturbed days 1-2.11. 1968 showed
a series of VLF emisstons, and in Fig.4 is shown
the position in time of the VLF emission at
Moshirt and the 225 MHz emission at Tromsg—
Oslo. There is a remarkable coincidence between
the occurience of the main period of emissions
and the fading-out of the emissions at the two
stations. It must be emphasized, however, that
VLF ermussion of the same character may occur
at Moshiri without any emission occurring on

225 MHz at Tromseg-Oslo. It is therefore not
possible to draw any definite conclusions gen-
erally concerning this simultanéity.

REFERENCES

1. Harang, L. & Larsen, R., J. Atmosph. Terr.
Phys., 27, 481 (1965).

2. Harang, L., Planet. Sp. Sc. (1969) in press.

3. Harang, L., Physica Norvegica {1969} in press.

Received 23 June 1969

288




"High Latitude Scintillations During the October 30-November & Magnetic Storm"

by

Jules Aarons and Herbert Whitney
Air Force Cambridge Research Laboratories
Bedford, Massachusetts

Introduction

In an earlier paper we have advanced the hypothesis that a boundary exists during periods of
magnetic quiet for the F region irregularity structure noted by scintillation studies [Aarons et zl.,
1968], The boundary is fraguently sharp ghortly after sunset and very diffuse during early morning
hours. The latitude of the bouadary is 2 function of local time with the lowest equatorward posi-
tion noted at 2200. 1In this preliminary report we would like to examine the boundary concept for

highly disturbed conditions to determine the diurnal control as well as localized and temporal ef-
fects.

The period of interest is Oct. 30-Nov. 4 when two magnetic storms were recorded; one started on

Oct, 30 at 23-2%4 UT and ended om Nov. 1 at 03 UT. The second portion of the storm pericd started on
Fov. 1 at 0917 and ended ou Nov. 3 at 17 UT.

Effects at Four Observatories

Using similar methods of data reduction, we have compared amplitude records of four stations
simultaneously observing 137 MHz transmissions from the synchronous satellite, ATS-3. Indices using
the method of Whitney et al. [1969] were obtained for each 15 min. period for the observatories
listed in Table 1.

Table 1
Elevation | 350 km 350 km
Angle Sub-ionospheric Sub-ionospheric
Intersection Lat. | Long,
Thule, Greenland 3,9° 73K 57W
Narssarssuag, Greenland 21° 84N LW
Rude Skov, Denmark g° 52N 4y
Sagamore Hill, Bamilton, Mass, 35° 50N 68y

Both the Narssarssuaq and the Rude Skov stations are operated by the Danish Meteorological In-
stitute; the other two sites are operated by AFCRL.

Thule: Even during periods of magnetic quiet, fading of ATS-3 signals was never less than 3-4 dB;
during a larger portion of the quiet days fades to noise (peak to null of 15 dB) were observed.
During the storm periods fades of 3~4 dB were not observed; only at rare times were the fades as low
as 10 dB. A typical storm record is shown in Figure 1 along with a record of 41 MHz signals from
BE-B showing deep scintillations over the polar cap. During quiet periods overhead passes of 41 MH=z
show frequent moderate scintillation indices; during this period signals of the type shown in the
illustration were typical. The data clearly shows evidence of widespread enhanced polar cap scin-
tillations during the storm pericd.
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High scintillation indices typical of storm period., 137 MHz signals fade to
nolse on top scale as do the 41 MHz BE-B transmissions almost through this pass.
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From recent observations of other satellites, ESRO I and ISIS, it is known that the quiet day
high angle scintillation indices {at 137 MHz) over the polar cap are much lower than the synchronous
satellite observations. The consistent high amplitude scintillations (observations have been made
of ATS~3 from Thule for approximately one year) are due to the low angle of the observations and to
the intersection of the propagation path with the auroral oval with probable emphasis on the long
length of the propagation path.

Narssarssuagq: Throughout the storm period moderate to high indices were recorded. For comparison
of the diurnal pattern of Narssarssuagq and the two other stations, Figure 2 has been constructed.
Hourly values are used. A nighttime maximum is seen for Nov., 1 and 2. Peak scintillation activity
occurred between 00-10 UT on Nov. 2 scmewhat later than the peaks of the second magnetic storm which
were between 12-15 UT and 21-24 UT on Nov, 1., However, the 13-16 UT peak scintillation activity is
correlated with the first peak of magnetic activity during the storm.
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Fig. 2. Hourly scintillation indices for Narssarssuaq, Greenland, Rude Skov, Denmark and Hamil-
ton, Mass., There is approximately 5 hours time difference between sub-ionospheric
propagation path intersections of Hamilton and Rude Skov.

Rude Skov: Scintillation activity increased with magnetic activity from 15-16 UT but some data are
missing from this periocd. On finer scale plots a clear maeximum in index can be noted from 2200 (Nov.
1) to 0300 (Nov. 2) with peak activity f£rom 2330-0200 UT.

Sagamore Hill, Hamilton: Peak scintillation indices were observed between 0300 and 0800 UT on Nov.
2 although a short period of high scintillation was recorded around 2200 (Nov. 1}.

Taken with the Rude Skov data Hamilton observations indicate that the maximum activity occurs
at each station as a function of local time although large scale simultaneocus increases are algo
noted. Between Rude Skov and Hamilton one would expect a five hour time difference. Narssarssuaq
appears to peak between the other two maxima.

The magnetic activity enhancement from 12-15 UT produced a moderate enhancement at Hamilton, a
considerable enhancement at Narssarssuaq, and a possible enhancement at Rude Skov. It should be
noted that for all three stations the quiet day indices during this time period are very low. 2200
UT indices were momentarily high on all records.

However, while intense magnetic activity appears to have a simultaneous large scale effect, the
scintillation boundary maintains its diurmal pattern. Peak indices were noted at Hamilton on Nov., 2
between 03-08 UT, after the peak magnetic activity noted at Fredericksburg.

Effects at Sagamore Hill, Hamilton, Mass.

At Sagamore Hill Radio Observatory many types of ionospheric data were being taken during this
period. These included recording amplitude fluctuations of LES-6, a synchronous satellite trams-
mitting at 256 MHz, radio star tracking of Cassiopeia at frequencies ranging from 62 to 400 MHz as
well as riometer measurements at 30 and 50 MHz.

A dramatic ionospheric effect occurred around 2200 UT on Nov. 1. At 2157 UT a rapid decrease
in total electrom content began. The measurement [Mendillo, et al., 1969] utilizing Faraday rota-
tion observations of ATS-3 showed a 60% decrease in total electron content of the ionosphere between
2157 and 2214 UT. The timing of this and other events are shown in detail in Figure 3,
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Fig. 3. Sequence of Events of Sagsmore Hill Observations

When Faraday rotations increased in rate, ATS-3 scintillations were relatively low in amplitude.
Scintillation index increased dramatically at 2207 UT; LES-6 scintillations started at the same time.
The two synchronous satellites had approximately the same geomagnetic interseetion latitudes. Cass
A scintillations at 400 MHz (with the intersection latitude at 56° G.N.) started at 2202 and stopped
at 2228 UT. LES-6 scintillations decreased at 2232 UT.

The time scale of the phenomena indicated that after the reduction of a large portion of the
total electron content scintillations commenced on the same propagation path. Even earlier, however,
scintlillations were observed to the north, A motion of the scintillation boundary from north to
south took place in the early stages of these events and then from south to north.

In addition to the total electron content decrease and the scintillation brusque start and stop,
an absorption event was nmoted. On a riometer looking to the south, absorption increased sharply at
2207-2208, 2212 and 2222 UT. 50 MHz absorption on a large antenna observing Cygnus upper transit
(almost directly overhead) was recorded somewhat earlier at 2206, 2211 and 2219 UT again indicating
a motion from north to south in the early portion of this short period.

Magnetometer records taken at Bedford, Mass., show sharp negative impulses at the same time as
the absorption events.

The data are not clear on mechanisms involved in this rapid sequence of events but the large
scale latitude motions are quite consistent. Considerations of the polar characteristics of scin-
tillations indicate that high latitude scintillations are probably produced directly or indirectly
by precipitation of energetic particles of a few hundred electron volts. From the polar cap char-
acteristics of the BE-B satellite scintillations, it appears as if more of the low energy electrons
were precipitated during this period. From the local time control during the magnetic storm it
would appear that the normal magnetospheric contrel of the boundary is maintained. However, during
short periods of time within relatively small areas precipitation proceeds from higher L wvalues to
lower L values and then moves again back to high latitudes.
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"Ionospheric Disturbances in the Northern and Southern
Hemispheras in Qctober and November 1968"

by

R. Knuth and H. Gernandt
Zentralinstitut flir solar-terrestrische Physik (HEI) der
Deutschen Akademie der Wissenschaften zu Berlin, GDR,
Observatory Neustrelitz

The strong interplanetary and geomagnetic disturbances starting at the end of October 1968
also caunsed extremely pronounced effects in the lower ionosphere at medium latitudes. This be-
haviour shall be shown on the basis of LF-A3-measurements and Radar-Aurora-observations IGeophysi~
kalische Beobactungsergebnisse] in Kihlungsborn, GDR (£ = 54° Q7' N, A = 11° 46' E, & = 54,4°N)
and LF-field-strength-measurements in Mivny, Aatarctica. These latter observations have been
performed during a 12-months stay of one of us (H.G.) as a member of the GDR-group at this Soviet
Antarctic station.

Table 1 indicates the general behaviour of absorption anomalies in LF- and VLF-propagation
for certain periods of the day as recorded with a large net of different frequencies in Kuhlungs-
born Observatory (HHI).

TABLE 1. Station: Kuh lungsbor

n Qctober/
Geogr.coordinates: 54°07'N; 11°46'E November 1968
Night-Time Disturbances in the Lower lonosphere
(as observed in the LF and VLF range)
P-Effects Excessive Remarks
Absorption (Time in UT) p'
Date VLF LF ss N SR
Night/Month
25-26 Qct. - - - - - 0
26-27 - - - - - 0
27-28 - - - - - 0
28-29 - - - - - 0
29-30 - Pl - S1 - P and § from 1840 3
30-31 X - - Al - 1
31- 1 PI Pz Sz 52 AO storm from 1430 8
1- 2 Nov. P P 5 S, A repeated storm
ool 32 "2 commencement 1515 9
2- 3 - PO Pl A0 Al P from 2000 [
3- 4 - PO AO - AO P from 2050 2
4~ 5 - - AO Al Al 3
5- 6 - PO Al - Al P from 1730 3
6- 7 - - - A2 Az 4
7- 8 - - AZ Az AO 5
8- 9 - - Al A2 Al 4
9-10 - - A2 AO Al 4
16-11 - - AO AO Al 2
1i-12 b4 P0 AZ Al - P from 1750 4
12-13 - P0 - = - P from 1800 1
13-14 - - - - - 0
14-15 - - - - - 0
15-16 - - - = - 0
Symbols A, , characterize the excessive absorption in the lower ionosphere due to invading high-
energy particles, P, . gives the increased fading rate in the VLF or LF range probably due to
stormlike disturbance in the lower ionosphere, § characterizes sudden enhancements of night-

time absorption. The night-time disturbance inded P', ranging from 0 - 9, is a well proved
character figure for corpuscular activity in the lower ionosphera. As can be seen from this table
some indications of small disturbances had already occurred during the nights of October 29/30 and
30/31, but very pronounced effects started with an ionospheric storm on October 31, 1430 UT. A
repeated storm commencement took place on November 1 at 1515 UT, Both these storm-effects in
comparison with the normal behaviour are shown in Fig. 1. The excessive ionization ia the lower—
most parts of the ionosphere led to an almost total blackout of the LF-skywave for about 100 min.,
followed by a long lasting period of additional absorption, This well known after-effect in low
frequency propagation [Lavnter, 1950; Bracewell et al., 1951; Lauter and Xouth, 1967] lasted till
November 11 and was one of the strongest events in the new solar cycle.
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Fig. 2. Excessive LF-absorption in medium high southern and northern geomagnetic latitudes
(B = night-time values,
(13 = absorption .during sunset and sunrise)
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As known from many papers on this LF-after-effect the absorption anomalies are most pronounced
during the periods of sunrise and sunset, certainly due to the important role of photodetachment
processes on the ionization of the mesospheric D-region. For northern medium latitudes between 50°
and 57° it could be proved, that in general the night-time absorption is influenced only during
strong events. In the first 6 rows of Fig. 2 are given the excessive absorption values in dB in
regard to the normal undisturbed median values for sunset, night and suarise respectively., Un-
fortunately for the field-strength measurements in Mirny the absorption belaviour can clearly be
interpreted only during the night, therefore we have shown only these values. Obviously the absorp-
tion anomalies also started about October 29, reaching maximal values in the might of October 31/
November 1 and then an after-effect with excessive night-time absorption between 15 and 20 dB lasted
till about November 12, As known from some earlier investigations in Miray [Glode 1969] the main
influence on LF-propagation cver very long ranges comes from the region of the last reflection point.
Therefore in Fig. 2 are indicated the geomagnetic latitudes ¢, of these points and probably the very
marked absorption effects during the night are due to an enlarged influence of precipitating magneto-
spheric particles in these higher latitudes after the strong refilling processes of the magnetic
stoxrm.

But also the LF-measurements in northern geomagnetic latitudes between 53N and 55N indicate
very well the primary absorption disturbances during the magnetic storm and the after-effect ab-
sorptions especially during sunrise and sunset. It can also be stated, that the general correlation
between these similar observations in northern and southern hemisphere regarding the intensity and
duration of the event is quite good.

In the lowermost part of Fig. 2 the hourly values of excessive absorption for a third LF-path
in Kuhlungsborn are drawn and it can be seen, that the strong after-effect-period has influenced
not only the night-time but also the day-time propagation of the skywave indicating a persisting
disturbance of the lowermost iomosphere, In Fig. 2 is also indicated the occurrence of radar-
aurora in intensity and time from observations with a 33 MHz-Backscatter in Kuhlungsborn. The
strongest displays are again in coincidence with the main phases of the magnetic storms and indi-
cate together with the very high excessive LF-absorption an equatorward shifting of the belt of
invading high energy particles. A more extensive paper on this event taking into account much
more different observations is in preparation.
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"Simultaneous Observations of Various Ionospheric Phenomena During the Geomagnetic Storm from
October 31 to November 2, 1968"

by

P. Czechowsky, H. Kochan, G. Lange-Hesse, H. Lauche and H., G. Moller
Max-Planck-Institut fir Aercnomie, Lindau/Harz, Germany

Abstract

At times of strong geomagnetic storms so-called radio aurorae appear as well as
visual and subvisual aurorae especially in the polar ionosphere. These radio aurorae
are caused by inhomogeneities of electron density which give rise to scattering of
radio waves from the HF- (3 - 30 MHz) to the UFH-band (300 - 3000 MHz) in a very char-
acteristic manner. During the magnetic storm from October 31 to November 2, 1968 it
was possible for the first time to record back-scatter echoes from radio aurora with
a chain of tramsmitting and receiving stations which was completed in autumn 1967.

The frequencies used were in the HF- (3 - 30 MHz) and the VHF-band (30 - 300 MHz).
Echoes from the E as well as from the F region of the ionosphere were received from
the area between approximately 55° and 65° geomagnetic nmorth. TFor the times when the
most southerly transmitting and receiving line (Bielstein - Lindau) showed strong
echoes equivalent current systems were computed from the disturbance wvectors of the
magnetograms of ten geomagnetic observatories. The magnetic recordings and the back-
scatter-amplitudes show very similar variations, sometimes even in detail. During

the magnetic storm the position of the pelar electrojet (PEJ) changed continuously.
The individual station received strong echoes at times when the PEJ lay in the area
of the backscatter-curve which was computed for this station. The beginning and the
end of the scattering-process as well as the amplitude of the scattered signals also
depend on the strength of the PEJ (threshold-value}. This confirms the theory of

D, T. Farley and 0. Buneman, that the electrojet produces the inhomogeneities of elec-
tron density (plasma-waves) in the E-region which give rise to scattering of radio
waves, The echoes from field-aligned irrepgularities in the F-layer are associated
with high positive values of A B. The disappearance and the reappearance of the F2-
layer of the ionosphere during this magnetic storm is observed by means of 2xF-scatter
propagation. The backscatter measurements were complemented by optical observations
a2s photometer recordings of the red (6300 1) and green (5577 ﬁ) oxygen lines and by
visual aurora observation from German ships.

Introduction

Since 1963 the Max-Planck-Institute for Ionospheric Physics at Lindau/Harz (W. Germany) carries
out HF auroral backscatter observations. In 1967 these investigations were extended to the VHF-band
and a network of beacon transmitters and receiving stations was established. The aim of these in-
vestigations is to study the auroral phenomena in middle latitudes and the interxrelation between
visual aurora, radio aurora and the polar electrojet (PEJ). At present the following stations are
in operation:

transmitters: DLOAR (Bielstein) omn 29.0 MHz,
DLHPR (Garding) on 145,971 MH=,
SMAMPT, (Borlgnge) on 145,960 Mhz;

and the receiving equipments:

Lindau on 29.0, 145,960 and 145.971 MHz,
Norddeich on 145,960 MHz,
Kijeller near O0slo on 145.960 and 145.971 MHz.

The stations with the beam directions of their antenna systems are shown in Figure 1. (The EF out-
put of the transmitters is of about 150 W. The cw-signal is interrupted once in a minute by the
call sign. The antenna gain is 12 dB.)

Theory

Models of the backscatter mechanism of VHF radio waves from aurora were developed by Booker
[1956], Moorecroft [1961], Buneman [ 1963) and Farley [1963]. In this paper the observations of the
time interval from Oct. 31 to Nov. 2, 1968 are compared with these theories.

The Booker model describes the electron density distribution in the auroral irregularities by
means of a three dimensional autocorrelation function, These inhomogeneities are field-aligned and
statistically distributed. 4n important feature of the scatter geometry is the so-called "aspect
sensitivity”. This means the dependence of the scattered signal stremngth on the angle between the
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Fig. 1. DBackscatter-curves calculated for a height of 110 km of the pairs of stations which
are listed at the lower border of this figure. The arrows indicate the directions
of the antenna beams of the transmitting and receiving stations. The transmitters
are: DLPAR (29.0 MHz), DLOPR (145.971 MHz) and SMAMPI (145,960 MHz).

wave normal of the incident (k,) and scattered (kj) waves and the direction of the geomagnetic field
lines, Optimum conditions for the scattering of HY and VHF radioc waves are given, if the direction
cosine of the wave normals ng(ky) and ny{k;) are equal with respect to the direction of the geomag-
netic field lines. The geometrical locations where this condition no(go) = n3ky) is fulfilled are
defined as backscatter curves. More details about the calculation of the backscatter curves are
given by Chapman [1952], Millman [1959] and Czechowsky [1966]. These curves are shown in Figure 1
for all pairs of stations of our network.

The consequences of the Booker theory show in comparison with the measurements a lack in the
description of the aspect sensitivity and the frequency dependence., Besides, the Booker theory des-
cribes no time variation of the scattering irregularities.

Some ‘years ago Buneman [1963] and Farley [1963] pointed out independently that in an ionospheric
current system '"two stream plasma instabilities" can occur so that acoustic plasma waves are gener-
ated. The periodical density oscillation caused by these plasma waves are the field-aligned centers
which give rise to the backscattering of VRF radio waves. This plasma instability appears when the
relative dvift velocity between the ions and electroms in the electrojet exceeds a certain eritical
value (threshold) which is close to the thermal velocity of the ions. Above this threshold acoustic
plasma waves in shape of longitudinal density waves then are generated which propagate perpendicular-
ly to the geomagnetic lines of force. Bowles, Balsley and Cohen [1963] and Cohen and Bowles [ 1963]
have shown that the backscattering centers in the equatorial electrojet are caused by these plasma
waves, These authors pointed out that the backscattering centers in the PEJ obviously are caused by
the same mechanism. The purpose of the network shown in Figure 1 is among others to check whether
this assumption is correct. First results from observations carried out with this network have been
published by Czechowsky [ 19697 and Czechowsky and Lenge-Hesse [ 19697,

Results of the backscatter observations using beacon transmitters

During the strong geomagnetic storm from October 31 to November 2, 1968 all receiving stations
shown in Figure 1 recorded for the first time backscatter echoes of large amplitude. These results
shall be represented and discussed in the following sectioms.

297




*7 2In81Jd I1X8] 295 [EDIIIADA
pug [eIUOZTIOoY Jo uoTIruRTd¥® XoJ
°1 2an23Td 998 SUOTIBIS 2Yl JO UOT2

-eo07 *{(wolloq Iy3l 3¥) ynos o3
{do3 =y3 3®) Y3llou WOIJ SUOLIBIS
3o sited pouOTIuUSW SYJ JO ROFT

‘Z-1 "AON U0 Sploodl IeljEosyoey ‘4 *S1d
ZIAW - }
00t0 00Z6 oo._o 00ve 00€7 002z
- [ P T S

nopul - aBun)iog
i
12))3ly .. Buiping

1 I ! 1 : 1

apy

ary

yaleppioN - abupliog

._m.:m.-v.‘_l abunjiog

L : ! 1 1 1

AOHG wU:M_
8961 JaqUIBAON "Z /1

- 3IDISp|o

Z

*z 2an814 3xel 998 [BOTIISA pue
Teiucztioy jo uolieueydxe 1o T
axng81y 295 SUOTIE®]S WU JO UOII
-B20F *{wWolioq syl 3IB) UINOS 03I
(do3 sya I¥) YIIOU WOXF SUOTIBIS
3o sated pauoriusd 3yl JO RUAT

‘T rAoON U0 Spa0OSL I31}EISAOBY

—_—1

Z3N -

ocsl 0071
1 unemsa.

'€ 313

00gl

7

i |

k|

ADPUT] ~ UI1571318

4

Con

:u_mvugozl ou

08'55=¢
896| JequiaaoN

ADNS apny

i

~-——— I{IN}SPID S

*1BuU3 IS polslleosyoEq
3yl yo yadueails praTg :TEOTIASA
‘3,617 WL = swWll uesdoang
STPPTH=LEN=ZH UT =WL} :TPIUCZTION
*1 2anB1f 995 SUOTIRIS BY] Jo UOTY
=B207 - (Wo3ll0q Yl 3IB) YINnos o3
(do3 3y3 3®) yjzaou WOIY SUCTIEIS
Fo saiTed pauOTIIULW 2UF JO 8947
‘If "190 Uo spiodai I833eosyomg

Z AN - 1

061 008t 0041 cost 0051

‘T

T

a4

1

A

mU_uc_._ - Buipicg

il ! 1t N
yosppioy — abupliog

Jantely — abuy)iog

o855=0

8961 4990140 '1g

A0S Bpny

omﬂ

BT

g 3 ID1S D2 4

298



In Figures 2, 3 and 4 are shown the recordings of the pairs of stations mentioned in Figure 1
arranged from the morth to the south. According to the plasma acoustic wave theory a correlation
is supposed between the location and intensity of the polar electrojet (PEJ) and the appearance of
backscatter echoes. Therefore, the H-~ and Z-magnetograms of the geomagnetic observatory Rude Skov
are plotted above the backscatter recordings. Rude Skov is located approximately in the middle be-
tween the backscatter curves for Garding - Lindau and Bielstein - Lindau and, furthemmore, close to
the backscatter curve for the Lindau radar., In addition to this the H- and Z-components of the mag-
netograms from five geomagnetic observatories from the region of the backscatter curves are shown
in the Figures 5 to 8. For the discussion of the results and the comparison with geomagnetic dis-
turbances the authors use the PEJ-model after Akasofu, Chapman and Meng [1965].

H=-Komp. 31.0kt./1.Nov.1968

Le ¢=702° I 500y
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Fig. 5. Magnetograms of"the H-component of the observatories Leirvogur (Le), Ler-
wick (Ler), Lovo (Lo), Rude Skov (Ru) and Wingst (Wi) or Oct. 31-Nov. 1,
1968 (see Fig. 10), For explanation of horizontal see text Figure 2.
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A first examination of the recordings and the magnetograms shows the following result: With
increasing geomagnetic activity a decrease of the echo amplitude occurs on the northern communica-
tion lines and an increase on the more southern ones. Well pronounced is this phenomenon on the
two most southerly lines Garding ~ Lindau and Bielstein - Lindau oa the frequencies 145,971 MHz and
29.0 MHz. During the peaks of the geomagnefic disturbance maximum echo amplitudes occur on these
two lines, however, no frequeacy dependence of the backscattered signal can be recognized which
should be the case according to the Booker theory.

In the following section the interrelation between the PEJ and the occurrence of backscatter
echoes shall be discussed in detail, An equivalent ionospheric line current system can be computed
according to a method given first by Birkeland [1901] and extended and improved by Chapman [ 1935]
and Akasofu [ 1960] using the perturbation vectors 4D, AH and AZ. TFor the following calculations of
such line currents a height of 110 km for the PEJ is adopted. The influence of the induced currents
in the earth is taken into account by using the factors 2/3 for AH and 3 for AZ. Line currents cal-
culated according to the above mentioned method cause the same perturbation vector as observed, how-
ever, their location can deviate from the true current distribution around the geomagnetic observa-
tory. Using the perturbation vectors from different observatories arranged in a north-south dirxec-
tion the center of the line current system can be calculated with sufficient accuracy (see e.g.
Kochan [ 19671).

00
Proposed model current systom for an intense polar magnetic substorm:

view from above dp. north pole; the direction of the sun is indicated at the
maximum epoch,

Fig. 9. Model of the polar electrojet (PEJ) after Akasofu
et zl. £1965].
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Fig. 10. Backscatter-curve Detmold (DLPAR) - Lindau (height 110 km)
and position of the calculated equivalent line currents for
the same height on Oct. 31 - Nov. 1, 1968. Geomagnetic ob-
servatories: Ha = Hartlapd, So = Sodankylg, Es = Eskdalgmuir,
Wit = Witteveen, Le = Leirvogur, Ler = Lerwick, Lo = Lovo,
Ru = Rude Skov and Wi = Wingst.

According to the above mentiomed method the location of the equivalent line currents was cal-
culated for five special times from the period Oct., 31 to Nov. 2, 1968. At these special times
backscatter echoes occurred on the two most southerly lines Bielstein - Lindau and Garding - Lindau.
The different symbols explained in Figure 10 indicate the location of the line currents at differ-
ent times. At four times on Cct. 31 at 1509 UT (1609 MET = Middle European Time = Time 15° East)
and 1658 UT (1758 MET) and Nov., 1 at 1242 1T (1342 MET) and 1514 UT (1614 MET) the main part of
the PEJ flows from east to west in the north from Leirvogur (Le) and Sodankyla (So). . 0n Oct. 31 at
1658 UT and on Nov, 1 at 1514 UT the location of the current is outside the map at a geographic
latituded = 74,88° and ¢ = 74.24°, The eastward flowing back current during these four special
times is~located between the geomagnetic latitude from &= 58,0° to 62.5°. These calculated posi-
ticns of the equivalent current system coincide very well with the PEJ-model after Akasofu (Fig. 9).
The backscatter curves for the pairs of stations Garding - Lindau and Bielstein - Lindau {(Fig. 1)
are spregd in the region of thg eastward flowing back current of the PEJ. The backscatter curves
for Borlange - Lindau and Bﬁrlange - Norddeich are located at the northern border of this region,
however, the curve for Borlange - Xjeller is outside of this region. The backscatter recordings on
Gct. 31, therefore, show the following picture: TFrom about 1500 MET to 1700 MET no signals cccur
on the line Borlynge ~ Kjeller, weak signals on the lines Borlinge - Norddeich and Borlgnge - Lindau
but strong signals are recorded on the most southerly lines Garding - Lindau and Bielstein - Lindau.
Simultaneous radar observations at 1526 MET (224.4 MHz) from Lindau show very similar results:
Strong echoes from a distance of about 400 km and weak echoes from 700 km to 1100 km (Fig. 11).

Just before 1700 MET the northern lines also show an increase of echo amplitude. The same behaviour
can be seen on the radar record (Fig. 11) at the same time (1652 MET): Backscatter echoes of nearly
the same amplitude from 400 - 1200 km distance. The observations indicare 4 coincidence between the
location of the eastward flowing back current of the PEJ and the backscattering centers. According
to the plasma acoustic wave theory the threshold mentioned before must have been exceeded in this
case.

On Oct. 31 during the time from about 1700 - 1800 MET the amplitudes of the perturbation in
the H- and Z-magnetograms show a strong decrease (Figs. 5 and 6) which can be explained in the
following way: The whole PEJ current has shifted towards the equator so that the westward flowing
main current can be observed down to Rude Skov (§ = 55.8°). The backscatter curves of the northern
lines are now intersected by this mainm current which causes an increase of the amplitude of the
backscattered signal. The backscatter curves for the two most southerly lines are located about
in the latitude of Rude Skov, that means at this special time (1700 - 1800 MET) at the southern
border of the main current. In this region obviously the main current and the eastwards flowing
back current influence each other in such a manner that the relative drift velocity between ions
and electrons necessary for the generation of ion acoustic waves is not reached and no backscatter-
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ing centers occur in this region. Therefore, the echo amplitude on these two most southerly lines
disappears completely (Fig. 2). A confirmation of the above mentioned location of the PEJ system is
given by the picture of the radar display from 1732 MET (Fig. 11). The echoes occur from north-
western directions at distances from 900 km to 1200 kw. The location of the appertaiming backscatter
centersnis at a geomagnetic latitude of about ¢~ 60°. In this latitude which is higher than those
for Lovo (Fig. 1) the main current of the PEJ is located and has a strong influence.

LINDAU -RADAR 224,4MHz
3110.1968

1526MEZ

1682ME 7 Azimul 10°

73ZIMEZ

Amplilude ————i=

.
¥ T T T T T T T T

i oL T 7 T j f
0 300 €00 90C 1200 1500 O 300 600 900 1200 1500
Entfernung ——km

]

lBodenscaHer

Fig. 1l. Records of the Lindau radar station (224.4 MHz) on Qct., 31,
1968 at 1526 15° E~time and 1732 15° E-time (azimuth angle
290", elevation angle 5° and 10°) and at 1652 15° E-time
and 1811 15° E-time {(azimuth angle 10°, elevation angle 0°),
Horizontal: Distance in km; Bodenscatter = ground scatter.

At about 1800 MET the whole PEJ system secems to shift back to the north. The calculation of
the equivalent line current at the time 1658 UT (1758 MET) (see Fig. 10) shows a westward flowing
main current north of Leirvogur ($ = 70.2°) and SodankylZ (¢ = 63.8°) and an eastward flowing back
current between the gecmagnetic latitudes © = 58° and 63°. The backscatter curves for all pairs
of stations are located in the region of this back current, therefore all records show moderately
strong echoes at about 1800 MEI. Simultaneous radar observations (1811 MEF, Fig. 11) confirm
these results: Weak echoes from short and stronger echoes from larger distances.

During the afterncon of Nov. 1 it can be concluded from the H- and Z~magnetograms (Figs. 7 and
8) that the PEJ system has a similar location and direction and shows a similar shife as at the
late afternoon and evening of Oct. 3L (Fig. 10). The backscatter records in Figure 3 therefore
have nearly the same course as that shown in Figure 2: From 1300 MET to 1420 MET and from 1540 MET
to 1700 MET stromg echoes appear on the southern lines, however, no echoes are observed om the
northern lines. During the time from about 1420 MET to 1540 MET the westward flowing main current
shifts to the south (see Figs. 7 and 8) and gets similar influence as mentioned already above (see
Fig. 2, 1700 - 1800 MET).

In the following section the closer relation between auroral backscatter echoes (line Biel-
stein - Lindau) and the geomagnetic disturbance (Rude Skov) is investigated in detail, The vari-
ation of the backscattered echo signals (in scale units) as a function of the horizontal pertur-
bation vector Hy (in ¥) is showm in Figure 12. The H, vector is computed from the values AH, AD
and the base-line value H,. It can be seen from the giagram of this figure that a threshold walue
of the order of 110y must be exceeded before the backscatter process starts at about 1315 MET (see
Fig. 3, Bielstein - Lindau). A hysteresis like behavior can also be seen in this diagram, that
means that a stronger PEJ current (higher Hy value) is necessary for the generation of the waves
than for the maintenance of the plasma waves which give rise to the backscattering process. Hys-
teresis like behavior of the PEJ was observed e.g. by Czechowsky [196%] and Czechowsky and Lange-
Hesse [19693. Leadabrand [1965] found no pronounced hysteresis effect,
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Polarlicht-Riickstreuung 29,0MHz DLOAR - Lindau 1 Nov. 1968
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Fig. 12. Relation between the amplitude of aurora backscatter echoes (scale units)
and the variation of the horizontal disturbance vector Hy (in y).

During the hours around midnight of Nov. 1-2 the H- and Z-magnetograms (Figs. 7 and 8) indicate
only the main current of the PEJ flowing in a broad band to the west with the center between Lerwick
and Lovo before 0030 MET and between Lerwick and Leirvogur after that time., The maximum current
strength occurs at about 0930 MET revealed by the stromgest bay of the order of more than 1000y in
the H-magnetogram from Lovo. At this time the backscatter signals start on the southern lines (Fig.
4). On the two northern lines, however, backscatter signals occur nearly during the whole time of
the flow of the main current. During the peak of the magnetic storm at about 0030 MET the backscat-
tering centers have the most extended north-southerly distribution. The calculation of the equi-
valent line current for the time 0025 MET (2325 UT) on Nov. 2 (Fig. 10) shows a similar picture: An
extended westward flowing main curremt is located between the geomagnetic latitudes & = 55.0° and
68,0°, This main current generates in an extended region backscattering centers in form of ion
acoustic waves. These results agree well with the medel of Akasofu et al. (Fig., 9).

Results from measurements with an oblique-incidence sounder

In addition to the cw-backscatter equipments an oblique-incidence sounder operating in Lindau
delivers helpful results for the study of the northern ionosphere. The antenna system of this equip-
ment consists of 20 horizontal rhombic antennas which are used for transmitting and receiving im 10
segments of the compass card. Each segment is 36° broad, The frequency is swept from 2.8 MHz to 45
MHz. The elevation angles are between 0 and 45 degrees and trhe peak power of the transmitter is 500
kW.

A similar sounder was installed in Sodankyla (morthern Finland). The distance Lindau - Sodan-
kyla is around 2000 km, the azimuth from Lindau to Sodankyld 21° (east=90°). The transmitters and
the receivers of both of these stations are synchronized so that in addition to the mutual backscat-
tered signals the signals of the other station can be received., The latter signals propagate via
the iocnosphere. Therefore, it is possible to determine the propagation path and the”reflectivity
of the ionosphere depending on the electron density distribution. For details see Moller [1963].

11 .
The results of the long-range propagation measurements between Sodankyla (transmitter) and Lin-
dau (receilver) as well as the results of the backscatter measurements with variable frequency made
in Lindau are shown in Figure 13.

First of all these results shall be discussed which are in accordance with the cw-radio aurora
backscatter measurements. On Oct, 31, 1968 from 1500 to 1700 MET, on Nov. I, 1968 from 1300 to
1400 MET and from 1540 to 1700 MET and on Nov. 2, 1968 between 0000 and 0100 MET, when the two most
southerly lines Bielstein - Lindau and Garding - Lindau record maximum backscatter signals, the ob-
lique-incidence sounder, too, receives strong echoes coming from the E-region. The echoes appear
up to the highest sounding frequency of 45 MHz. The radar measurements (224.4 MHz) mentioned before
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confirm these results. Oun Oct. 3L, 1968 from 1500 to 1700 MET and on Nov. 1, 1968 from 1300 to 1400
MET the obllque incidence scunder receives strong backscatter echoes, but no long-range propagation
from Sodankyld to Liadau via an Es- layer is observed. Long-range transmissions in the upper HF- and
the lower part of the VHF-band are only possible if the electron demsity of the F2-layer is high
encugh or if an intense Es-layer exists mear the point of reflection between the transmitter and re-
ceiver. The fact that in the time interval of interest no long-range propagation is chserved leads
to the following conclusions: Firstly that the reflectivity of the F2-layer enables no reflection
of the radio waves and secondly that no intense Es-layer exists.
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Fig. 13 a - e from above

a) varilation of the geomagnetic Kp-index of October 3l-November 2,
1968,

b - &) vresults of the impulse~backscatter soundings and the oblique-
incidence soundings carried out at Lindau from October 31~
November 2, 1968 (direction of the antenna for both measure-
ments: 21° east by north),

b) upper aad lower limit of the oblique-incidence sounding-
frequency between Sodankylg and Lindau and statement of the
individual propagation mechanism,

¢) path-diagram of the diffuse backscatter-echoss from the
F-region for three frequency intervals,

d} frequency diagram of 1xF-backscatter-echoes,

e) frequency diagram of 1xE-backscatter-echoes.

In the afternoon of October 31, 1968 and also of November 1, 1968 1xE- and diffuse F-region
echoes are received together, but these observations show two differences. On Cctober 31, the
echoes are going up to 20 Miz and the cw-backscatter records of the lines Garding-Lindau (145.971
Miz) and Bielstein - Lindau (29.0 MHz) show nearly the same amplitude. Oa November 1, up to the
highest sounding frequency of 45 Mz the diffuse F-region echoes are received aud at the same time
the backscatter record of the line Bielstein - Lindaun shows a much greater amplitude than that of
the line Garding - Lindau (see Figs, 2, 3 and 13c).

The backscatter curves of both pairs of statious are extended in almost the same region. The
difference in echo strength can be explained with the assumption that in the afternoon of November
1 in Lindau the energy scattered back from the E- and the F-region was received simultaneously.
The observations made with the obligque-incidence sounder already mentioned confirm this assumption.
Also in the F-region of the ifonosphere field-aligned irregularities exist and the scatter mechanism
is quite the same as imn the E-region, e.g. the maximum echoss are received when the direction co-
sines of the incoming and the scattered waves are equal with respect to the direction of the geomag-
netic field, In the radar case (transmitter and receiver at the same site) the maximum height where
this condition is fulfilled is around 220 km (M81lexr [1964], Kochan [1957]).
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In the following section the authors want to discuss the behavior of the F2-layer during the
period from October 30 to November 5, 1968. As mentioned before a F2-long-rvange propagation of HF
radio waves is possible if the electron demsity of this layer is high enough. After a reflection on
the F2-layer the radio waves are scattered from the earth surface in all directioms. The backscat-
tered part of the energy propagates, therefore, on a similar path to the receiver as the incident
wave. This mechanism is called 2xF-ground-backscattering.

During geomagnetic quiet periods it is commonly possible to receive the signals from the beacon
transmitter DLHAR (29.0 MHz) via this 2xF-ground-scatter propagation path between 0900 MET and 1700
MET. During geomagnetic disturbances the reflectivity of the F2-layer decreases especially in the
auroral and subauroral zone. Therefore, no 2xF-ground-backscatter propagation is possible. Figure
14 shows the daily variatiom of this propagation mechanism for the line Bielstein - Lindau recorded
from October 30 to Wovember 3, 1968. The upper diagram shows a typical course of the field strength
on undisturbed days. The decrease of the signal between 1345 MET and 1500 MET is a comsequence of a
short wave fade out (see Schwentek, contribution in this Report). On Oct. 31 at about 1000 MET the
geomagnetic stoxrm starts and on the following days the 2xF-ground-backscatter sipnals disappear com-
pletely.

Using the distance between the ionospheric observatory Uppsala amd Lindau e.g. Bielstein of
about 1000 lm and a height of the F2-layer of about 300 lm the calculation leads to an elevation
angle of E of nearly 10°. This corresponds to the maximum lobe of the antenna of the Bielstein
transmitter. Therefore, the foF2-values of Uppsala must be well correlated with the 2xF-ground-back-
scatter propagation f£rom Bielstein to Lindau. On November 2 and 3 the maximum value of the critical
frequency foF2 at Uppsala is only 6.4 MHz. However, on November 4 these values inerease up to 10 MHz
and from 1100 MET to 1400 MET weak 2xF-backscatter signals reappear. On November 5 these signals be-
come stronger that means the normal state of the F2-layer is reestablished. ¥For a comparison with
the 29.0 MHz backscatter records the foF2-values of Uppsala are tabulated for the period from October
30 to November 5, 1968.

The recorded signals om October 31 from 1500 to 1700 MET and on November I from 1300 to 1400 MET
and from 1340 to 1700 MET (Fig. 14) are the same backscatter echoes as shown in the Figures 2 and 3
in the lower diagram.
Bielstein—Lindau
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Fig. 14, Vériation of the 2xF-ground-backscatter of the transmitter-receiver~line Bielstein -
Lindau (frequency 29.0 MHz) from October 30 - November 5, 1968,
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foF2 Uppsala Qct. 30 - Nov. 5, 1968 [MHz]

Pate UT 0900 1000 1100 1200 1300 1400 1500 1600 1700
30 8.9 8 8 11.0 11.8 J12,18 12,18 11.2 8 v S
31 6.8z 8.07 9.0 2.0 Z 9.1 9.3 B B B
1 6.0 7.1 £ 8.0 Z 8.9 8.1 B F B B
2 4.9 B 5.7 5,2 6.4 5.0 v F F
3 5.2 5.5 5.7 6.1 6.4 6.4 Z S 5.7 F
4 7.0z 8.0 9.0 10.2 9.5 8.4 J 8.0 S8 F F
5 8.28 9,0 J16.1 R _J 10.2 R 10.8 10.0 9.0 J 7.98 7.18
B = Measurement influenced by, or impossible because of, absorption in the vicinity of fmin
F = Measurement influenced by, or impossible because of, the presence of spread echoes
J = Qualifying letter only: Ordinary component characteristic deduced from the extraordinary

component

R = Measurement influenced by, or impossible because of, attenuation in the vicinity of a
critical frequency

§ = Measurement influenced by, or impossible because of, interference or atmospherics

V = Forked trace which may influence the measurement

Z = Measurement deduced from the third magnetoionic component

Optical observations

Optical observations of the night sky were carried out at Lindau (Fig. 1} (geomagnetic latitude
¢~ 51.5°) with a scanning filter photometer using filters for the 6300 A and 5577 A emission and
for the background emission. During the observation time at the night Oct. 31/Nev. 1 the intensity
of the 6300 emission increased up to a peak of about seven times of the normal airglow intensity

1
0200

(Fig. 15). This luminous sheet was not homogeneous but had a wave-like structure moving from the
south to the north. At about midnight this movement stopped and the wave structure disappeared.
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Results of the photometer-observations
at Lindau on Nov. 1-2, 1968. For ex-

planations see Figure 15.

Fig. 15. Results of the photometer-observations of Fig. 16.
the green (5577 A) and red (6300 A) oxygen line at
Lindau on Oet. 31-Wov. 1, 1968. The upper diagrams
show the time wvariation of the intensities of the
above mentioned green and red lines, The lower dia-
gram indicates the position of spots emitting red
light in the meridian plane from socuth to north.
The graduation of white, gray and black indicates
the intensity distribution. Rote Blgen=red arcs.
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The emission of the greem oxygen lime 5577 A mainly originates in the E region of the iono-
sphere, that means at a height region where also the backscattering centers and the PEJF are located.
Therefore, the 5577 A photometer observations shall be compared with the backscatter observations
during the time around midnight Nov. 1-2 (Fig. 16).

At 2322 MET (2222 UT) a marked increase of the 5577 A intensity up to about 0.8 kR (1l kR =
10° photons/em® column sec) occurred at an elevation angle of about 30° to the north. At the same
time the first weak echoes appeared oa the most southerly line Bielstein - Lindau (Figs, 1 and 4).
At about 0030 MET rhe 5577 A intensity over the northern horizon increased very much and reached a
maximum of 1,1 kR at about 0045 MET. On the most southerly line Bielstein - Lindau the strongest
echoes are recorded at about 0030 MET, whereas at 0045 MET stronger echoes were recorded on the
more northerly lines (Figs. 1 and 4) than on the most southerly line. The optical and backscatter
activity showed a slow decrease until 0130 MET. At 0207 MET the green emission again increased up
to more than 2 kR (such an intensity can already be seen by the naked eye). Weak backscatter
echoes, however, occurred only on the three northern lines (Figs. I anmd 4) during this time.

During the peak of the magnetic storm on Nov. 2 at 0030 MET (peak of the strongest bay of the
order of more than 1000y in the H-magnetogram from Lovg, Fig. 8) a German merchant ship reported a
red aurora in the North Atlantic Ocean at = 38.7° N, A= 61.8° W (at an elevation angle of 60°
above the horizon). Another German ship reported from 2230 MET to 2400 MET a rayed arc of green
colour at ¢= 46.6° N, A= 54.0° W (about 57° geomagnetic latitude). The elevation angle of the low-
er border was first 15°, then increasing to 40°. Later red colour appeared in the west extending
up to 80° elevation angle. From about 2400 MET the weather conditions allowed no more observations.
No visual aurora was reported from Scandinavia at that time caused by cloudy sky.
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ALFHABETICAL INDEX

Abbreviated Calendar Record
Oct. 21 - Nov. 4, 1968
Airglow
Alpha Particles
Ap-iandices
ATS-1 Measurements
ATS-3 Measurements
Auroral Backscatter
Auroral Observations
Western Europe
Greenland
Cosmic Rays
C9 Indices
Dst
ESRO I (Aurorae) Measurements
Explorer 34 (IMP-F)
Explorer 35
Fleurs 21 em Radio Spectroheliograms
f-plots (Dourbes)
Geomagnetic Crochet
Geomagnetic Indices
Kp
c9
Dst
Geomagnetic Storms
Geomagnetic Variations
Chambon-La-F8ret
Honolulu H
Greenland .
Leirvogur, Lerwick, Lovo
Rude Skov
Tromso
Wingst
X Flares (see Solar Flaresg)
HO Plages
IMP-F (Explorer 34)
Interplanetary Electrons
Interplanetary Magnetic Field
Interplanetary Protons
Lonosphere
Auroral Backscatter
Dourbes f-plots
Forward Scatter
LF Absorption
Partial Reflections
Radic Noise
Scintillations
VLF
K Plages
Kp~indices
Mt. Wilson Magnetograms
Neutron Meonitors
Alert
Chacaltaya, Kula, Deep River, Goose Bay, Inuvik,
Resolute Bay, Sulphur Mountain
Cosmogram
1963-38C
Pioneer 6 and 7
Proton Flares
Radio Propagation Quality Figures
Riometer
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201

230

196, 197, 205-208
289-291
296-309
253

254, 2535
225-228
230

242
193-195

190, 198-204
191, 192, 221-224
8-10

256-265

67

205, 229, 230

230

242

231-238, 243-252, 299, 300

240, 241
205

239

299, 300
298-300
286, 287
299, 300

2, 11-18

190, 198-204
198-204

211-216, 221-224
198-204

297, 298
256-265
276-278
292-295
270-275
285-288
289-291
279-284, 292-295
10-17, 231-238
205, 229, 230
8-10

199, 226

226
227

209, 211-213
214-220

23-29

266, 267

268-275, 286, 291




Satellites (See ATS-1, ATS-3, ESRO-I, Explorer 34, Explorer 35,
IMP-F, 1963-38C)

September 1-19, 1968 - sunspot history 19-21
Solar Electrons 1ei, 192, 209, 210
Solar Flares
Oct, 24 30-33
Oct. 27 34, 36, 41, 42, 155
Oct. 29 34, 36, 37, 155-157
Oct. 30 41, 43, 48-53, 155
Oct. 31 41, 44, 48-53, 155
Nov. 1 34, 37, 38, 41, 45, 54-58, 155
Nov. 2 34, 37, 38, 4%, 46, 59-62, 65, 155
Nov. 3 65, 155
Nov. 4 41, 47, 63-67
Solar Maps
Oct. 24-Nov, & 7-10
Solar Proteons
Oct., 21-Nov. 10 190
Oct. 26-Nov. 22 191, 192
Oct., 26-Nov, 5 193-195
Oct. 15-Nov. 12 196, 197
Oct, 26-Nov, 8 205-208
Solar Radio Bursts
Oct. 27 41, 42, 70, 105, 106, 114, 117,
129-132, 136, 138, 155
Oct. 29 73, 106, 107, 114, 125-127, 136, 139,
147, 150-152, 155, 158, 163, 165
Oct, 30 41, 43, 76, 107, 114, 119, 140,
155, 158-161
Oct. 31 41, 4&, 78, 105, 108, 114, 119,
127, 155
Nov. 1 41, 45, 79, 105, 108, 109, 114,
120, 133, 135, 136, 1&I, 147, 155,
163, 165
Nov. 2 4, 46, 82, 114, 142, 149, 155,
163, 166
Nov, 3 85, 134, 155, 163, 166-168
Nov. 4 &1, 47, 88, 109, 114, 120, 162
Oct. 24-Nov. 6 68-96
Solar Radio Emission
mm and £lux 97-102, 112, 128, 137
Solar Radio Spectral Observations
Oct. 27 92, 106
Oct. 29 92, 106, 107, 115
Qct, 30 52, 93, 107, 118
Qct. 31 93, 108, 118
Nov. 1 94, 108, 109, 118, 143
Nov. 2 94, 118, 144, 169
Nov, 4 95, 109, 118
Oct, 24-Nov, 6 90-96
Solar X-ray Emission 171-177
Space Probes (See Pioneer 6 and 7)
Stanford 9.1 cm Spectroheliograms §-~10
Sudden Ionospheric Disturbances 178-189
Sudden Phase Anomaly 52
Sunspot Numbers 3
Sunspots 11-15, 19-29
Ten-cm Flux 3
VLF (PCA) 279-284
INDEX BY DATE
Oct. 22 23, 178, 179, 190, 194, 210, 229,
230, 266
Oct. 23 24, 114, 178, 179, 190, 197, 210,
229, 230, 232-235, 242, 243, 266
Qct. 24 23, 24, 30-33, 91, 178, 179, 190,
197, 210, 229, 230, 232-234, 242,
243, 266
Oct. 25 24, 69, 91, 178, 179, 190, 194,

210, 229, 230, 232-234, 242, 243,
266, 283, 292
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Oct. 26 24, 70, 92, 99, 171, 172, 178,
179, 1%0, 192, 194, 197, 199,
203, 210, 229, 230, 232-234, 242,
204, 266, 283, 292

Oct. 27 7, 2426, 34, 42, 70, 92, 100,
106, 117, 129, 138, 171, 172, 178,
179, 181, 182, 185, 187, 190, 192,
194, 197, 199, 205, 210, 222, 223,
229, 230, 232-234, 242, 244, 253,
256, 266, 283, 294

Oct. 28 25, 72, 92, 173, 178, 179, 190,
192, 194, 197, 199, 205, 210, 222,
223, 226, 229, 230, 232-234, 242,
245, 253, 257, 266, 283, 294

Oct. 29 25, 26, 34, 73, 92, 100, 106, 107,
115, 130-132, 139, 147, 154-157,
165, 173, 178, 179, 183, 188, 190,
192, 194, 195, 197, 199, 205, 210,
222, 223, 226, 227, 229, 230, 232-
234, 242, 244-246, 253, 258, 266,
268, 269, 283, 294

Oct. 30 25-28, 43, 48-53, 76, 107, 118,
119, 140, 158-161, 174, 178, 180,
188, 190, 194, 195, 197, 199, 201,
205, 210, 222-224, 226, 227, 229,
230, 232-234, 239, 242, 244-246,
253, 254, 259, 266, 278, 280, 283,
294, 306

Oct. 31 25, 44, 78, 93, 108, 118, 119,
161, 172, 178, 180, 190, 192, 194,
197, 199, 201, 202, 205, 210, 213,
222, 223, 226, 227, 229, 230, 232-
234, 239, 240, 242, 244, 247-249,
253, 254, 260, 266, 269, 278, 280,
283, 286, 293, 294, 298, 303, 305,
306-308

Nov. 1 34, 45, 54-58, 79, 93, 108, 109,
118, 120, 133, 141, 143, 148, 165,
176, 178, 180, 190, 194, 195, 197,
199, 203, 205, 210, 212, 222, 223,
226, 227, 229, 230, 232-234, 239,
261, 242, 244, 247-251, 253, 255,
261, 267, 269, 278, 280, 283, 286,
290, 291, 293, 294, 298-300, 305-
308

Nov. 2 25, 34, 46, 59-62, 65, 82, 94,
101, 102, 118, 142, 144, 147, 166,
169, 176, 178, 180, 189, 190, 192,
194, 195, 197, 199, 201, 205, 210,
219, 222, 223, 226, 227, 229, 230,
232-234, 239, 241, 242, 244, 247-
251, 253, 255, 262, 267, 278, 280,
283, 286, 290, 294, 298, 306-308

Nov. 3 65, 85, 95, 134, 166-168, 177,
178, 180, 190, 192, 194, 197, 199,
201, 205, 210, 222, 223, 226, 227,
229, 230, 232-234, 239, 242, 267,
253, 263, 267, 278, 280, 283, 286,
294, 299

Nov. & 47, 63, 65, 66, 67, 88, 95, 109,
118, 120, 162, 177, 178, 180, 190,
192, 194, 197, 199, 200, 201, 205,
210, 215, 222, 223, 226, 227, 229,
230, 232-234, 242, 264, 267, 278,
280, 283, 294, 306

Yov. 5 89, 95, 265, 267, 278, 280, 283,
294, 306
Nov, 6 90, 96, 267, 280, 294
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Upper Atmosphere Geophysics Report UAG-1
"IQSY Night Airglow Data" by L. L. Smith, F. E. Roach and J. M. McKennan of Aeronomy Laboratory,
ESSA Research Laboratories, July 1968, single copy price $1.75.

Upper Atmosphere Geophysics Report UAG-2
"A Reevaluation of Solar Flares, 1964-1966" by lelen W. Dodson and E. Ruth Hedeman of McMath-
Hulbert Observatory, The University of Michigan, August 1968, single copy price 30 cents.

Upper Atmosphere Geophysics Report UAG-3

"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41MHz, 6 July 1966 through
8 September 1968" by James W. Warwick and George A. Dulk, Department of Astro-Geophysics, Uni-
versity of Colorado, October 1968, single copy price 30 cents.

Upper Atmosphere Geophysics Report UAG-4
"Abbreviated Calendar Record 1966-1967" by J. Virginia Lincoln, Hope I. Leighton and Dorothy K.

Kropp of Aeronomy and Space Data Center, Space Disturbances Laboratory, ESSA Research Laboratories,
January 1969, single copy price $1.25.

Upper Atmosphere Geophysics Report UAG-5
"Data on Solar Event of May 23, 1967 and its Geophysical Effects' compiled by J. Virginia Lincoln,
World Data Center A, Upper Atmosphere Geophysics, ESSA, February 1969, single copy price 65 cents.

Upper Atmosphere Geophysics Report UAG-6
"International Geophysical Calendars 1957-1969" by A. H. Shapley and J. Virginia Lincoln, ESSA
Research Laboratories, March 1969, single copy price 30 cents.

Upper Atmosphere Geophysics Report UAG-7
"Observations of the Solar Electron Corona: February 1964 - January 1968" by Richard T. Hansen,

High Altitude Observatory, Boulder, Colorado and Kamuela, Hawaii, October 1969, single copy price
15 cents.






